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ABSTRACT 

This report documents the environmental surveillance program at the Rocky 
Flats Plant, as conducted by the Environmental Management Section of the 
Health, Safety and Environment (HS&E) Operations Management Branch 
under the opersting contractor, Rockwell International, Aerospace Opera- 
tions Group. Sample analyses are performed by the Health/Environment 
Analytical Laboratories (H/EL) of the Health, Safety and Environment 
Department and by the General Laboratory of the Quality Engineering and 
Control Department. The report includes an evaluation of plant compliance 
with all appropriate guides, limits, and standards. Potential public radiation 
dose commitments were calculated from average radionuclide concentrations 
measured at the plant property boundary and in  surrounding communities. 
The radioactive and non-radioactive effluents from the Rocky Flats Plant 
meet the appropriate guides and standards and represent no measurable 
adverse environmental effects from the operation of the plant during calendar 
year 1987. The estimated potential radiation doses to the public from plant 
effluents are below Department of Energy and Environmental Protection 
Agency dose standards and are well below background dose levels experienced 
in this region from natural and other non-Rocky Fiats Plant sources. 

iv 
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ANNUAL ENVIRONMENTAL MONITORING REPORT 

U. S. DEPARTMENT OF ENERGY, ROCKY FLATS PLANT 

January Through December 1987 

1. INTRODUCTION 

The Rocky Flats Plant is a government-cwned and 
contractor-operated facility. It is part of  a nation- 
wide nuclear weapons research, development, and 
production complex administered by the Albu- 
querque Oper:,tions Office of the U. S. Dcpartment 
of Energy (DOE). The  prime operating contractor 
for the Rocky Flats Plant is the Aerospace 
Operations Group of Rockwell International. 

The Rocky Flats Plant is located at  105'11'30" 
west longitude and 39'53'30'' north latitude in 
northern Jefferson County, Colorado. The plant- 
site consists of 2,650 hectares (6,550 acres) of 
federally owned land. As shown in Figure 1, major 
plant structures are located within a security- 
fenced area of  155 hectares (384 acres). The plant 
is approximately 26 kilometers (16 miles) 
northwest of downtown Denver and is almost 
equidistant from the cities of  Boulder, Golden, and 
Arvada (see Figure 2). Demographic estimates for 
1980 are shown in Figure 3. There is a population 
of approximately 2 million people within a 50-mile 
radius of the plant. 

The plant is a key DOE facility that produces coni- 
ponents for nuclear weapons; therefore, its 
product is directly related to  national defense. The 
plant is involved in fabricating components from 
plutonium, uranium, beryllium, and stainless steel. 
Production activities include metal fabrication and 
assembly, chemical recovery and purification of  
process-produced transuranic radionuclides, and 

- related quality control functions. Research and 
engineering programs supporting these activities 
involve chemistry, physics, materials technology, 
ecology, nuclear safety, and mechanical engineering. 

- 

- 

Approximately 136 structurcs on the plan tsite 
contain approximately 249.000 square meters 
(2.68 million square feet) of floor space. Of this 
space, major manufacturing, chemical processing, 

plu toniurn recovery, and waste treatment facilities 
occupy about 148,600 square meters (1.6 million 
square feet). 

The remaining floor space is divided among labora- 
tories, administrative. utility, security, warehouse, 
storage. and construction contractor facilities, and 
occupies about 100.300 square meters (1.08 
million square fect). 

All of the plant heating requirements are met by 
in-plant steam boilers that normalIy use natural gas 
and arc capable of using fuel oil. During CY 1987, 
approximately 16.3 million cubic meters (574 
million cubic feet) of natural gas were used. 
Approximately 4,900.000 liters (1,300.000 
gallons) of fircl oil werc used during 1987. 

Raw water is purchased from thc Denver Water 
Board and is drawn from Ralston Reservoir and the 
South Boulder Divcrsion Canal. The Rocky Flats 
Plant uscd approximately 454  million liters (1 20 
million gallons) o f  water during 1987. 

The piedmont of the Front R a n g  of the Rocky 
Mountains riscs 8 kilometcrs (5 miles) west of the 
site and crests at tlie Continental Divide, which is 
32 kilometers (20 miles) from the plant. The 
natural environment of the plantsite and vicinity is 
influcnccd primarily by the Front Range of the 
Rocky Mountains and the site elevation. which is 
1.829 meters (6.000 feet) above sea level. The 
surficial geology of Rocky Flats consists of  a thin 
layer of gravelly fine-textured topsoil underlain by 
a 6- to 15-inetcr (20- t o  49-foot) tluck layer of 
coarser. clayey gravel. This is underlain by a 
bcdrock structurc upon which plant building 
foundations arc supported. Area hydrology is 
in tluenccd by the siirficial materials. which consist 
of gravclly but slowly permeable alliiviuni. The 
vegetation of  the area concists of species repre- 
witat ivc of tlie short- and mid-grass prairie: 
priniarily grnsscs. cacti and broom snakewced. 

i 
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15299 FIGURE 1. Aerial Photograph of the Rocky Flats Plant and Immediate Vicinity 

Introduced Eurasian weeds also make up part of 
the flora and riparian vegetation exists along the 
watercourses. 

The climate a t  Rocky Flats is characterized by dry, 
cool winters with some snow cover and warm, 
somewhat moist summers. There is considerable 
clear-sky sunshine, and the average precipitation 
and relative humidity are low. The elevation of the 
plant and the major topographical features o f  the 
area significantly influence the climate and 
meteorological dispersion characteristics of the site. 

Winds at  Rocky Flats, although variable. are pre- 
dominan tly northwesterly, with stronger winds 
occumng during the winter. During 1987. approxi- 
mately 56 percent of the winds had a westerly 
component. 

Annual average precipitation at the Rocky Flats 
Plant is slightly over 38.5 centimeters (15.16 
inches). The maximum annual precipitation 
recorded over a 24-year period was 63.15 centi- 
meters (24.87 inches) in 1969. Typically, more 
than 80 percent of the precipitation falls as rain 

2 
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I 1  

FIGURE 2. Area Map of Rocky Flats Plant and Surrounding Communities 

between April and September. Most of the remain- 
ing precipitation is in the form of snow. In 1987,  
The Rocky Flats Plant recorded 40.85 cm (16.08 
inches) of precipitation. 

Air from production and research facilities is con- 
- tinuously discharged t o  the atmosphere by 50 

- ventilation exhaust systems. Prior to atmospheric 
. - discharge, the exhaust air passes through particu- 

late filtration systems located in filter plenums. 
These filtration systems employ High Efficiency 
Particulate Air (HEPA) filters, that are purchased 
to equal or exceed the DOE specified filtration 
efficiency standard of 99.97 percent for 0.3-pm 

particles. Prior to installation in the filter plenums 
each filter is tested at the plant to ensure that the 
filtration efficiency is not less than the standard. 
Once installed filters are tested for leaks which 
might have developed during handling and instal- 
lation. Leaking filters are replaced and the system 
retested. Airborne radioactivity released to  the 
environment from process operations is kept to  a 
minimum and is well within plant health and safety 
guidelines. 

As shown in Figure 4, surface water runoff from 
the plant generally is from west to  east. Runoff is 
carried from the plant by three major drainage 

3 
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A NORTH WALNUT CREEK N 
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FIGURE 4. Holding Ponds and Liquid Effluent Watercourses 

basins that are tributaries t o  Walnut Creek on the 
north and t o  Woman Creek on the south. The  
south fork of  Walnut Creek receives most of thc 
stormwater runoff from areas surrounding plant 
b uil dings. 

Also shown in Figures 1 and 4 is the confluence of 
the north and south forks of Walnut Creek which is 
1.1 kilometers (0.7 miles) west of the eastern 
perimeter of the plant. Great Western Reservoir, 
a water supply for a part of the City of  Broomfield. 
is 1.6 kilometers (1 mile) east of this confluence. 
Woman Creek flows east from Rocky Flats into 
Standley Jake. a water supply for the City of 
Westminster and for portions of the cities of 
Northglenn and Thornton. Ponds on the north - fork of Walnut Creek are designated A-1 through 
A-4. Ponds on the south fork are designatcd B-1 

- through B-5. These A- and Bseries ponds receive 
runoff and/or treated sanitary wastewater. Pond 
C-1 is located 011 the Wornan Creek watcrcourse 
and receives only undisturbed natural llows. Pond 
C-2, located near the Woman Creek watercourse. 
receives surface runoff water from an interceptor 

ditch parallel t o  the south side of the plant 
production areas. 

Certain operations a t  the Rocky Flats Plant involve 
or produce liquids, solids. and gases containing 
radioactive ilia tcrials. Radioactive materials are 
handled in accordance with stringent procedures and 
within m ul t iplc con t ain me n ts (physical barriers) 
designed to  minimize the release of contaminants 
to  the workplace and the environment. Processing 
activities include the incineration of plutonium- 
contaminated materials for recovery of the 
plutonium that they contain. This recovery 
operation is in accordance with an incineration 
permit issued to  the plant by the Colorado Depart- 
ment o f  Health. The radioactive waste systems 
include collection. filtration, liquid processing. and 
temporary storage facilities for those process 
wastes known. or suspected. t o  have been in 
contact with radioactive materials. The liquid 
waste process syste in concentrates the contaniina- 
tion from liquid waste into solid wastes suitable for 
shipment. along with other  contaminated solid 
wastes. t o  a DOE-approved storage facility. 
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Specific details of plant waste processing facilities 
are described in the Rocky Flats Plant Site Final 
E nvironinen tal In1 pac t State inen t. (US80a) 

Sanitary waste is processed by the sanitary waste- 
water treatment plant, and is isolated from process 
waste throughout the plant. Conditioning chemi- 
cals are added t o  improve t’locculatiun and filtration 
of  suspended solids. The treatment plant is of the 
activated sludge type and has three stagcs of 
treatment. I t  h ~ s  a design c a p c i t y  of 946,330 
liters (250.000 gallons) per da3. Present daily 
flows usually vary between 757,000 and 1.1 35,600 
liters (200.000 and 300,000 gallons) per day. 
One of two 265.000-liter (70.000 gallon) preaera- 
tion holding tanks, located upstream from . tlic 
sewage plant. serves as a surge basin t o  smooth‘out 
peak flows. A second holding tank provides 
storage capacity for sanitary wastes should 
emergcncy retention be required. Liquid effluents 
from the sanitary waste treatment plant are 
released to holding boiids for sulxeqiient LISC 111 

onsite irrigation or offsite discharge to  Walnut 
Creek, or they may be pumped to  a reversc osniosis 
facility for further treatment. After trcatincnt. 
product water from the reverse osniosis facility can 
be recycled for use in plant cooling towers. spray 
irrigation. or may be released to Walnut Creek. 
The plant has a zero discharge goal with rcspect t o  
downstream discharges. Such discharges occur 
only when weather conditions prevent effective 
spray irrigation activities. 

Residual solids from the sanitary waste treatment 
plant are concentrated. dried. packaged. and shipped 
to a DOE-approved waste facility. Revcrsc osmosis 
brine is sent to process waste treatment for evapora- 
tion and drying. and the salts are packaged and 
shipped to a DOE-approved storage facility. 

In 1987. solid wastes that had no  radioactive or 
hazardous chemical constituents were transferred 
to an onsite sanitary landfill for disposal. This 
landfill was designed and constructed in 1974 with 
an impervious clay seal layer. a groundwater inter- 
cept system. and surface water diversion ditches to 
isolate the landfill from the general environment. 
Routine waste materials are ‘checked daily for 
radioactivity a t  the landfill site before final burial. 
I n  addition. routine waste materials origina tirig 

from buildings in which radioactive materials are 
handled are monitored prior to leaving the building 
to ensure that they are free from radioactive 
contamination. The disposal of nonroutine or 
special non-radioactive waste materials is adminis- 
tratively con trolled. 

Groundwater and surface water flow in and around 
the sanitary landfill is controlled by interceptor 
ditches and by french drains. The ditches divert all 
upgradien t surface waters around the landfill. The 
drains collect groundwater from the perimeter of 
the landfill and divert it around the landfill. The 
holding pond collects surface and subsurface 
drainage from the landfill. Water samples from this 
holding pond, the drains, and from six (as of 1987) 
RCRA-quality groundw-ater monitoring wells in the 
vicinity are collected routinely and are analyzed 
for a series of parameters including radioactivity, 

Land use at the Rocky Flats Plant is managed by 
Rockwell International for the Department of 
Energy. This includes land utilization planning 
and environniental and physical control of the 
land. Since 1977, all major activitics conducted 
on plantsitc land require approval by the Rockwell 
Exccutivc Conimittce based upon the recommenda- 
tions of the Land Management Coordinator. The 
Coordinator evaluates all research projects and 
other nonroutine activities on plant lands by 
mcans of a Land Use Request system. The effects 
of such activities are evaluated by Environmental 
Management personnel through field obwvat ions  
and rcmotc sensing techniques. 

Pcrsonnel in the Environmental Management 
Group of Rockwell International conduct an 
extensive environmental control and surveillance 
program a t  the plant. The surveillance program is 
designed to  provide ;issuraIice that the many 
safeguards at  the plant effectively limit the release 
of radioactive o r  toxic materials. The results of this 
environmental monitoring program indicate that 
effluent trcatment and control processes at the 
plant were cffcctive during 1987. 

The Rocky Flats environs are monitored for 
penetrating ionizing radiation and for pertinent 
radioactive. chc mical. a 11 d biological poU 11 tan ts. 
Air, water, and soil are sampled on the plantsite and 

6 
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throughout the surrounding region. Several 
Federal, State, and local governmental agencies 
independently conduct audits and additional 
environmental surveys both on and off the plant- 
site. The Colorado Department of Health samples 
air, soil, and water at the Rocky Flats site and in 
surrounding communities. The DOE Environmental 
Measurements Laboratory (EML) has conducted 
particulate air sampling at  the Rocky Flats Plant 
and has periodically performed special studies, 
including sediment and soil analyses. Additional 
special analyses have been performed by Region 
VI11 of the U. S. Environmental Protection Agency 
(EPA). 

Plutonium concentrations in this report represent 
the alpha radioac tivity from p lu toniu i n  isotopes 
239 and 240, which constitute over 97 percent of 
the alpha radioactivity in plutonium handled at the 
the plant. Reported uranium concentrations are 
the cumulative alp!:a activity from uranium-233. 
-234. and -238. Colnponents containing fully 
enriched uranium are handled at the Rocky Flats 
Plant. Depleted uranium nietal is fabricated and 
also is handled as process waste material, Uraniuni- 
235 is the major isotope by weight (93 percent) in 
fully enriched it raniu in ; however, it raniu in-234 
accounts for approximately 97 percent of the 
alpha activity of fully enriched uranium. I n  
depleted uranium. the combined alpha activity 
from uranium-334 and -138 accounts for approxi- 
mately 99 percent of the total alpha activity. 

The Derived Concentration Guides (DCCs) used in 
this report for uranium in air and water are those 
for uranium-233, -234. and -238. which are the 
most restrictive. * 

The information contained in this report is sub- 
mitted in compliance with DOE Order 5484.1, 
Chapters I11 and IV, and is a compilation of data 
provided monthly to the DOE Rocky Flats Area 
Office, the Radiation Control Division of the 

- Colorado Department of Health, Region VI11 of 
the EPA, the health departments of Boulder and 
Jefferson Counties, and to interested city officials 
and citizens from communities near the plant. 

-. 

- 

- 

*Thc Derived Conccntration Guides used throughout this report 
were calculated using the inctliodolo~y described in Appendix A. 

11. SITE METEOROLOGY AND CLIMATOLOGY 

Wind, temperature and precipitation data were 
collcctcd on the plantsite during 1987. Table 1 is 
the 1987 annual summary of the percent frequency 
of wind directions (16 compass points) divided 
into four speed categories. Due to  data recording 
problems, wind data for May of 1987 was unavail- 
able. Wind data froin May of 1986 was substituted 
to  provide a representative annual sample. The 
compass point designations indicate the true 
bearing when facing against the wind. These 
frequency values are represented graphically in 
Figure 5. Thc wind rose vectors also represent the 
bearing against the wind (i.e.. wind along each 
vector blows toward the center). The predomin- 
ance of northwesterly winds is typical of the Rocky 
Flats Plant. More calm periods were recorded in 
1987 than is usual for the area. The low frequency 
of winds greater than 7 meters per second (15.6 
mph) with easterly components is also normal. 

TABLE 1. Wind Direction Frequency (Percent), by 
Four Wind-Speed Classes, at the Rocky Flats Planta 

b (Fifteen-Minutc Averages- 1987 ) 

- 8.11 
N - 
N N  E - 
N E  - 
E N  E - 
E - 
ItSE - 
SE - 
ss E - 
S 
ss \v - 
sw - 
wsw - 
W - 
IVN w - 
N W - 
N N W  - 

- 

TOTALS 8.11 

- 
2.71 
2.55 
1.84 
1.44 
1.99 
1.91 
2.6 2 
2.4 9 
2.52 
3.05 
3.43 
3.74 
4.3 1 
3.6 7 
3.17 
2.82 

44.26 

- - 
3.61 0.50 
1.97 0.19 
0.75 0.02 
0.26 0.00 
0.20 0.01 
0.83 0.01 
1.72 0.02 
2.02 0.13 
2.63 0.19 
3.00 0.19 
3.32 0.12 
4.85 0.35 
2.95 0.96 
3.65 3.19 
3.77 1.41 
3.66 0.24 

39.20 7.54 

- 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.15 
0.38 
0.01 
0.00 

0.56 

a. May dau takcn ironi I986 due to data recording 
failure in May 1987. 

b. Data obt;lincd from sensors located 10 ni (33 it) 
above the ground. 

c. For conversion purposes. niilcs per hour (rliph) ccluals 
2.237 inultiplicd by meters per sccond (rids). 

8.11 
6.82 
4.72 
2.6 2 
1.70 
2.19 
2.75 
4.37 
4.64 
5.34 
6.25 
6.86 
8.94 
8.38 

10.89 
8.37 
6.72 

IOO.00 
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FIGURE 5. 1987 .4nnual Wind Rose f o r  Ihe Kocky Fla ts  Plant 
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The tiiciiti tctiipcra titre recorded for 1987 was 
10.1 “C(50.8”F) .  

Based on 24-year monthly wa ter-equivalen t precipi- 
tation averages, collected between 1953 and 1976, 
the mean annual precipitation a t  the Rocky Flats 
Plant is 38.50 centimeters ( 1  5.16 inches). In 1987, 
the Rocky Flats Plant recorded 40.85 centimeters 
(16.08 inches) of precipitation. 

- 

111. MONITORING SUMMARY 

During 1987. the Rocky Flats Plant conducted an 
en vir0 ti me ti tal ti1 o ni t ori ng p rogra ni t ha t in clu de cl 
the sampling and analysis of airborne cftlitcnts. 
am bieiit air, surface and ground water, ant1 soil. 
External penetrating gam ma radiation ex posit res 
wcre also measured using t Jicrmolirniincscen t 
dosimeters. The nionitoring program consists 01‘ 
collecting samples from onsite. boundary. mid 
offsite locations. Monitoring of water for trace 
quantities of toxic materials. metals. nitrates. 
anions. vola tile organic compounds (VOCs). and 
specific radionuclides also was pcrfortiicd. Specific 
details of the routine Rocky Flats Plant Environ- 
mental Monitoring Program are clocumentecl in 
the “Catalogue of Monitoring Activities at  Rocky 
Flats. ”( Se86) 

Several environmental permits have been issuccl t o  
the plant by Fcdcral and State agencies. Currcn tly. 
the following permits ;ire in “Active” stat us: 

National Pollutant Discharge Eliniina- 
tion System Permit CO-0001333: tsstictl 
by the U. S. Environmental Protection 
Agency, December 26. 1984. 

Building 122 Inc inentor  Pertnit C-1 2. 
931 : issued by the Colorado Depart- 
ment of Health. March 25. 1982. 

Building 77 1 Incinerator Permit 12JE937 
(C-12. 932): issuccl by the Colorado 
Dcpartmcnt of Hcaltli. August 28. 1985. 

Building 776 Fluid Bed 1ncincr:ttor 
Permit C-13. 027; issuccl by tlic 
Colorado Dcpartmcn t 01’ Health. 
March 75. 1982. 

Fugitive Dust Emission Permit 87JE052L 
for remedial action program, issued by 
the Colorado Department of Health on  
June 15, 1987. 

On July 31, 1986, a Compliance Agreement was 
entered in to by the Environmental Protection 
Agency (EPA), the Colorado Department of Health 
(CDH), and the Dcpartmcnt of Energy (DOE) for 
implementation and regulation of thc Resource 
Conscrvation and Recovery Act (RCRA) and the 
Comprehensive Environmental Rcsponse Compen- 
sation and Liability Act (CERCLA) activities for the 
Rocky Flats Plant. On November 26. 1986. thc 
Rocky Flats Plant submitted ;I RCRA Part B 
Permit Application to EPA and CDH. The RCRA 
Part B Permit Application was revised in accordance 
wit!] cotiinients received froiii EPA and CDH and rc- 
subniittcd on Dcccmbcr 15. 1987. The sitbmittal of 
dratf RciiicdiaI Investigation reports on July 1 and 
Dccctnbcr 3 I ,  1987. also took place i n  accordance 
with the Compliance Agreement. The RCRA Part B 
Permit Application and otlicr Compliance Agrccmcn t 
reports currently itre unclcrgoitig EPA and CDH 
re vie w. 

Pa rticu la t c and tritiit ni sampling of b nil din g 
cxllattst systcrns was conclitcted continuously in 
1987. Overall. 1987 emission data were in thc ranges 
projected in tlic Plant Environmcntal Impact 
Sta tc tiicn t(US80a) and prcscn tcd no significant 
cnviroti~iicti tal impact. 

Particulate satiiplcs arc collected from ambient 
air samplcrs operated continuotisly onsitc. at thc 
p lan t  perimeter. and in fourteen community loca- 
tions. Analysis of tlicsc samples indicated t h a t  the 
conccntrations of airborne plutonium a t  all 
locations were tar below applicable Derived Con- 
ccntcrtioii Guides (DCGs). (See Appctidix A.) 
At tlic plant pcrimctcr and  at  the comtiiunity 
locations. tlic 1987 average plutonium conceiitra- 
tions in ambient air at each location were 0.13 
percent or  less of the DOE interim stanclard DC‘Gs. 

During 1987. monitoring of ambient air for total 
suspended particul;ttes (TSP). ozotic (0, ). sttlfur 
dioxide (SO, ). curbon nionoxitlc (CO). nitrogen 
tlioxiclc (NO, ). and Icad (Pb) was conciuctctl. 
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These six parameters are criteria pollutants regu- 
lated by the EPA and the State of Colorado 
through the Clean Air Act of 1970 that incliidcs 
the National Ambient Air Quality Standards 
(NAAQS).(US81 b) The 1987 calciilatcd anni~al  
geometric mean for TSP was 55 pcrccnt of thc 
primary a m  ita1 ge Ollie tric mean standard p rescribc d 
by the NAAQS. The highcs t otic-hour coiiccii tru tion 
of O3 in 1987 was I 12 percent of  thc EPA pririiary 
one-hour standard. This value was consistent with 
levels reported in the Denver Metropolitan area 
a t  that  time. The 1987 annual arithmetic mean for 
SO2 was 4 percent of the EPA primary annual 
arithmetic mean 3-110~1r standard. The highest 
recorded I-hour SO, rcading was 0.025 ppm. The 
annual arithmetic incan of the NO2 coiiccii trations 
for 1987 was 10 pcrccnt of tIic EPA pnmary annita1 

FACILITY 

aritlimctic 1i1c;iti standard. The quarterly lead 
concentrations measured during 1987 were less than 
tlircc pcrccnt of the EPA quarterly standard. 

Thc majority of the water used during 1987 for 
plant process operations and sanitary purposes was 
trcatcd uncl evaporated and/or rciised for cooling 
towcr tn;lkcup. stcam plant usc. or  for spray 
irrigation witliin tlic plant boundaries. A schematic 
diagram of water LISC is shown in Figure 6. 

Surfiicc runoff froin precipitation is collcctcd in 
s ti r fa cc wa t c r con t rol pon tl s. A ftc r m oiii t oriii g. 
this water is dischargcd offsitc. Those discharges 
arc monitored for coiiipliancc with ;in EPA 
Natioiial Pollutant Discharge Eliinination Systcin 
(NPDES) pcrmit.(USX4a) During 1987. the Rock). 

* 
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Flats Plant had two violations of its NI'IIES lxrtiiit. A vegetation control program using chemical hcrbi- 
Both wcrc technical violations not rclatcd t o  the citlcs was conducted during 1087. The program 
plant si1liitiiry wastewater trcattiicnt opcrations. was completed by intlcpcndcnt licensed contractors 

. A discussion of thcsc violations appears in Section using f P A  approved chemicals according to  the 
- IV. D. rcquircincnts of' the labels. Onsitc storage of 

pcsticiclcs and herbicides at the Rocky Flats Plant 
currc tit ly is bci ng el iscon ti nucd. 

- Routine watcr monitoring is conductctl for two 
downstream reservoirs and for drinking watcr 
sources in nine communities. Tlic itvcr:tgc radio- 
;ictivity concentrations for plutonium. uranium, 
americium. and tritiuni measured at these locations 
were found to be 0.7 percent of less of tlie DCGs 
for water. (See Appendix A.) The sum of the 
average conccn trritions for plutoniutii and atncriciuni 
in drinking water samples for each community was 
0.1 percent or  less of the State of Colorado regula- 
tions for alpha-emitting r~tctionuclicies(Co8 1) and tlic 
EPA National Interim Primary Drinking Water 
Regulations.(US76a) Avcmgc conccntrations of 
tritium in community drinkins water samples wcrc 
all within local background ratigc and were 3.5 
percent o r  less of  tlie applicable State of Colorado 
and EPA drinking water stittidards.(C08 1. US76a) 

As part of the Rocky Flats RCRAiCERCLA 
Coiiipliance Agreenient signed JUIY 3 1 .  1986. 
extensive hydrologic. geologic a n d  groundwater 
quality investigations con tin tied through 1987. 
Initial investigations indicate above background 
concentrations of some radioactive and clic~tiically 
hazardous materials within close proximity t o  
past plant disposal sites and plant operations. 
These materials include volatile organic compounds 
and some radionuclides. 

Remedial Investigation (RI) activities. an oittgowtli 
of the Compliance Ageemen t. required the complc- 
tion of 46 additional monitoring wells during 1987. 
These new wells will assist in the delineation of 
radioactive or hazardous chemical constituents in 
designated high priority investigation areas, and they 
become part of  an extensive plantwide groundwater 
monitoring system. Corrective action measures for 
areas are now under evaluation. Monitoring wells 
also were installed near previously-used solar evap- 
oration ponds (4 wells) and the present lantlt'ill 
(1 7 wells) as part of the RCRA Closurc Pcrniit. A 
total of 159 onsitc groundwater monitoring wells 
are ti ow monitored quarterly. 

- 

Surl'acc soil satnplcs for plutonium analysis were 
collected in 1087 from 40 sites located on radii 
from Rocky Flats Plant a t  distances of 1.6 and 3.2 
kilometers ( I  and 2 miles). The purpose of the 
progr;itii was to clctcrminc if tlicrc arc a n y  changcs 
in plutonium concentrations i n  the soil around the 
plant over Linic. This program was conducted 
intcrmittcntly u n t i l  1977 and rcinitiatcd during 
1084. Tlic 1987 plutoniutn concentrations in the 
3.2 kilonictcr saiiiplcs, which arc near tlic plant 
boundary, were it1 the range t'rotn 0.03 to 4.48 
pCi/g ( I .  1 1 to 100 Bq/kg). Plutonium concentra- 
tions fo r  1087 a t  ;I 1.6 kilometer radius ranged 
from 0.03 t o  7.05 pCi/g (1.1 1 to  36 I Bq/kg). These 
levels arc similar to the soil data reported in 1977 
ancl 1986. 

Tlic 1987 cnvironmcntal ineasurenient of external 
pc ne t ra ti ti g gam ni a ra dia t io t i .  us in g t her in olu m i ne s- 
cent dosinietcrs (TLDs). showcd that the annual 
dose equivalent onsite. a t  the plant perimeter. and 
at community locations was within the range of 
rcgional backgrountl. 

Potc ti tial public radiation dose commitments. 
which could have resulted from plant operations. 
were calculated from average radionuclide conceti- 
tratjons measured at  the Rocky Flats Plant property 
boundaries and in surrounding communities. Dose 
asscssmcnt for 1987 was conducted for the property 
(site) boundary. nearby conimunities. and t o  a 
distance of 80 kilometers (50 miles). At the plant 
boundary. tlic niaxiiiiuni 50-year dose coniniitnien t 
t o  an  individual was calculated to  be 6.6 X 
rem (6.6 X Sva) effective dose ecluivalent and 
1 .1  X IO-* rem ( 1 . 1  X IO4 Sv) to bone surfaces. 
By comparison. annual effective dose equivalent 
from the natural radiation in the Denver area 
currently is estimated as 3.5 X lo-' rem (3.5 X 

Sv).(Na87) The 50-year dose commitment o f  
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6.6 X rem represents less than I percent of  
the DOE interim radiation protection standard of 
0.1 rem effective dose equivalent for all pathways. 
If all the dose were received from the air pathway, 
the bone surfaces dose of 1.1 X lo-* rem would 
represent less than 15 percent of  the air p a t h m y  
standard for any organ.(Va85) 

For  coin in it nit y !oca t ion s, tlie ni;ixini LI in ra dia tion 
dose resulted in a 50-year dosc commitment of 
1.4 X IO4 rein (1.4 X 10” Sv) effective dose equi- 
valent and 2.7 X rem (2.7 X io4 Sv) t o  bonc 
surfaces. These values represent 0.1 pcrcent of 
the DOE interim standard for effcctivc dosc 
equivalent and 4 percent of tlie standard for any 
organ from the air pathway only.(Va85) Thcsc 
values include contributions from residual fallout 
caused by past atmospheric wcapons testing. 

The 50-year cotnmittcd effective dosc equivalent 
t o  the population living within 80 kilomctcrs (50 
miles) o f  the plat:: was baed  on the niaximum 
community dose est iniat es. For the coin m uni t y . 
the maximum effective dosc cquivalcnt was lcss 
than the 1 X  IO-^ rem dosc cqiiivalent specificd by 
DOE as de rnirzirnis (inconsequen tiaI).(US80b) 
The  dose commitmcnt for all indivitluals t o  ;I 

distance of 80 kilomctcrs. was tlicrcfore. con- 
sidered t o  be de rniiiirnis. 

In demonstration of compliancc with the EPA 
Clean Air Act air emissions standard in 40 C F R  6 1, 
Subpart  H, the AIRDOS-EPA computer  code was 
used to  calculate radiation dose to thc public by 
atmospheric dispersion. de position. and ccologica 1 
modeling of 1987 air emissions data.(Va85) Tlic 
results of this calculation confirm that the maxi- 
mum radiation dose t o  a metnbcr of tlie public as a 
result of exposure t o  airborne radioactivity from 
the Rocky Flats Plant in 1987 was less than 1 
mrem effective dose equivalent. 

IV. MONITORING DATA : 
COLLECTION, ANALYSES, AND EVALUATION 

This section describes Rock well I ti tcmational’s 
environmental monitoring program for 1987. 
results of sample analyses. and evaluation of the 
data with regard to applicable guides and stan- 

dards. The reader is directed t o  the appendixcs a t  
the end of this report for detailed information 
concerning applicable guides and standards, quality 
control, analytical procedures, dctcction limits, 
error tcrm propagation, and reporting of minimum - 
dctcctablc conccntrations. Appendix E includes a - 

discussion of the methodology used for reporting 
measurctncnts that wcrc at  or below the minimum 
detectable concentrations (MDC). This appcndix 
also discusscs thc use of the less-than sign (<) and 
defines thc usc of plus or minus ( 2 )  error terms in 
the data. 

A. Airborne Effluent Monitoring 

In 1987 iiroduction and research 
Rocky Flats Plant wcre equipped 

facilities a t  the 
with 50 ventila- 

tion cxhaust systems. Particulates generated by 
production and research activities are entrained in 
the exhaust air streams. These particulate materials 
are rciiiovecl from tlic air stream in each exkcust 
system by nicaiis of High Efficiency Particulate A i r  
(HEPA) filters. Residual particulates in cach of 
these s y s t e m  arc continuously sampled down- 
stream from the final stagc of HEPA filters. For 
i in in c di ;I t c of a b ti or m a 1 con dit ions . 
ventilation s y s t e m  that service areas containing 
pl~itoniuni arc cquippcd with Sclcctive Alpha Air 
Monitors (SAAMs). These SAAMs are sensitive t o  
specific alpha particle energies and are set t o  
detect plutonium-239 and -240. These detectors 
are tested atid calibrated routinely t o  maintain 
sensitivity. The monitors alarm automatically if 
out-of-tolerance conditions are experienced. N o  
such conclitions occurred during 1987. 

clc t e c t io  ti 

Three timcs each week, continuously collected 
particulate samples are removed from each exhaust 
system and radiometrically analyzed for long-lived 
alpha emitters. The concentration of long-lived 
alpha emitters is indicative of  the effluent quality 
anti the overall performance of  the HEPA filtration 
systems. if the total long-lived alpha concentration 
for xi effluent sample exceeds the plant action 
guide value of 0.020 X pCi/mQ (7.4 X IO+ 
Bq/m3 ), a followup invcstigation is conducted t o  
determine the cause and t o  evaluate the need for  
corrective action. The action guide is equal t o  the 
offsite DCG for plutonium activity in air. 

- 
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TABLE 2. Radioisotopes in Airborne Effluents 

Uraniumb Tritium _______ ___ --____- Plu t o n i u d  

Total Total Total C,,C 

Numbcr of Discliargc (X IO-'* Saniplc Nunibcr of Dischargc ~ l l 1 , Y "  Number of Dischargc %ax 
Period Analyses hCi) (X IO-'' pCi/niQ) Analyses hCi) (x pCi/mY) Andyscs (Ci) pC i/ mn) 

____ - - - ____ -- - - 
~ Janumy 

1:cbruary 
March 
A.pril 
May 
Junc 
July 
August 
scp tcni bcr 
October 
Noveni bcr 
Dcccm bcr 

46 
46 
48 
45 
48 
45 
57 
45 
45 
45 
45 
45 

1.39 0.095 t 0.015Sd 54 
0.89 0.071 t 0.0081 56 
1.84 0.229 t 0.0278 56 
2.02 0.016 t 0.0013 53 
1.28 0.104 2 0.0175 56 
0.69 0.005 t 0.0012 53 
1.22 0.019 * 0.0021 65 
0.65 0.010 t 0.001 1 53 
0.63 0.003 t 0.0003 53 
1.80 0.006 i 0.0007 53 
1.42 0.015 fr 0.0015 53 
1.53 0.016 t 0.0018 53 

2.15 0.017 t 0.0013d 262 
1.99 0.095 t 0.0091 250 
I .  12 0.005 t 0.0004 293 
0.87 0.004 +_ 0.0005 246 
0.94 0.003 i 0.0004 276 
0.98 0.003 t 0.0004 293 
1.2 1 0.004 t 0.0005 26 2 
1.91 0.006 t o.ooon 249 
1.31 0.004 t 0.0003 275 
1.50 0.004 i 0.0003 291 
1.13 0.002 tO.0004 253 
1.66 0.008 +_ 0.0013 253 

0.005 4102 ]nod 
0.008 250 t 80 
0.004 4 7 0 t  180 

2 7 0 t  60 0.007 
0.013 560 t 210 
0.005 2602 60 
0.013 420 t 160 
0.025 3402 fr 570 
0.031 8580 t 900 
0.003 875 t 300 
0.051 8748 i 850 
0.005 729 t 200 

Summary 560 15.36 0.229 t 0.0278 658 16.77 0.095 t 0.0091 3203 0.170 8748 t 850 

a. RadiocliciiiicJlly detcrinincd as plutonium-239. -240. 
b. Radiochcinically detcrinincd :IS urnnium-233. -234, and -238. 
c. C,, is tlic iiitminiuiii iiieasurcd concentration. 
d. Calculatcd as 1.96 standard dcviations on :in individual iiicawrcnicnt. 

At the end of each month, samples from each 
exhaust system are composited in to  individual 
samples t o  undergo specific chemical analysis. An 
aliquot of each of the dissolved composite-samples 
is analyzed for beryllium particulates using flame- 
less atomic absorption spectrometry techniques. 
(Bo68) The remainder of the dissolved sample is 
subjected to  chemical separation and alpha spectral 
analysis that quantifies specific alpha-emitting 
radionuclides. Analyses for uranium isotopes are 
conducted on the composite samples from each 
exhaust system. In 1987, forty-two of the ventila- 
tion exhaust systems were located in buildings that 
contain plutonium. Particulate samples from these 
exhaust systems were also analyzed for specific 
isotopes of plutonium. 

Continuous sampling for tritium is conducted in 23 
ventilation exhaust systems. Bubbler-type samplers 
are used t o  collect samples three times each week 
from these locations. Tritium concentrations in 
the samples are measured using a liquid scintillation 
photospectrome ter. 

- 

Table 2 presents the quantitative data for radio- 
isotopes in airborne effluents during 1987. Tritium 
values include contributions from background 
radioactivity. 

During 1987 the total quantity of plutonium 
discharged to  the atmosphere from the plutonium 
exhaust systems was 15.36 pCi (5.68 X lo5 Bq). 

The maximum plutonium concentration of 0.229 
X pCi/mf (8.47 X low3 Bq/m3) wasmeasured 
from a waste treatment facility during a 2-day 
period in March. The quantity of plutonium in 
this discharge was 0.043 pCi (1.59 X lo3 Bq). 
Samples collected prior to, and following this two- 
day period were within the range typically measured 
from this exhaust system. 

The total discharge of uranium from all the exhaust 
systems was 16.77 pCi (6.20 X lo5 Bq). The 
maximum uranium concentration of 0.095 X 
pCi/mf (3.52 X Bq/m3) was measured from a 
depleted uranium production facility during a 
2-day period in February. The quanity of depleted 
uranium from this discharge was 0.221 pCi (8.18 X 
lo3 Bq). The tritium discharged from 23 ventila- 
tion systems was 0.17 Ci (6.3 X l o9  Bq). The 
maximum tritium concentration of 8748 X lo-'' 
pCi/mP (3.24 X I O 2  Bq/m3) was observed in a 
sample from a routine operation in a plutonium 
production building during November. The 
quantity of tritium released to the atmosphere as 
the result of this operation was 0.009 pCi (3.33 X 
lo2 Bq). 

t 

P 
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TABLE 3. Beryllium in Airborne Effluents 

Samplc 
Pcriod 

January 
February 
March 
April 
May 
June 
July 
August 
Scp tciii bcr 
October 
N ovcni bcr 
Dcccnibcr 

__ ___ 
Number of 
Analyses 

54 
56 
56 
53  
56 
53 
65 
53 
53 
53 
53 
53 

-- 

Total 
Discharge" 

(g) 

0.0275 
0.0085 
e.rJU9 1 
0.0130 
0.0143 
0.0137 
0.0099 
0.0207 
0.0048 
0.0233 
0.0045 
0.0154 

Cn1ax 
bg / ln3)  ____ 
0.00042 
0.00006 
0.000 14 
0.00010 
0.0001 1 
0.00014 
0.00008 
0.00021 
O.O(J004 
0.0001 2 
0.00005 
0.00007 

SUllllllLuy 658 0. 164gb 0.00042 

a. TI12 bcrylliuni stationary-source cmissiowstandartl is no 
more than 10 g r a m  of bcrylliuni over a 24-hour period 
iindcr the provisions of subpart C of 40 CFR 6 1.3?(a). 
(US78) 

background associated with thc analyscs. 
b. This valuc is not significantly diflcrcnt fiom thc 

Overall, the radionuclide releases t o  the atmosphere 
during 1987 were in the normal ranges prqiected 
in the Plant Environmental Impact Statement,  and 
represent n o  adverse environmental impact. 

Table 3 presents the beryllium airborne effluent 
data for  1987. The total  quantity of  beryllium dis- 
charged from the ventilation exhaust systems was 
n o t  significantly above the background levels 
associated with the analyses. 

B. Radioactive Ambient Air Monitoring 

High-volume ambient air samplers are locatcd on  
the Rocky Flats platitsite, at  the plant pcrimctcr 
[a t  distances of  approxiniately 3 t o  6 kilometers 
(2 to 4 miles) from the plant's center] .  and in 
surrounding communities. These Rocky Flats- 
dcsigned air samplers operate continuously at  a 
volume flow rate of approximately 12 Q/sec (25  
ft3 /mill). collecting air particulates on 20- X 25-cm 
(8- X IO-in.) fiberglass media. Manufacturer's test 
specifications rate this filtcr media t o  be 99.97% 
efficient for the relevant particle sizes unclcr con- 
dit ions typically encou ti tered in ro 11 tine a in bicn t 
air sam p I ing.( Sc82) 

Airborne particulates in  ambient air arc sampled 
continuously a t  23 locations within and adjacent 
to thc  Rocky Flats exclusion area (Figure 7 ) .  The 
sample filters are collected biweekly and analyzcd 
for total long-lived alpha (TLLol) radiation. If the 
TLLa concentration for an ambient air sample 
exceeds the plant guide valuc [ IO X IO-'5 pCi/mf 
(3.7 X IC4 Bq/m3)] ,  a specific plutonium analysis 
is performed. During 1987, three samplcscxcccded 
the TLLa screening level and were analyzed for 
plutonium. The results of these analyses have been 
included in Table 4. 

Filters from 5 o f t h e  2 3  onsite samplcrsare routinely 
analyzcd biweekly for plutonium. These fivc onsite 
samplers have historically shown the highest plu- 
tonium concentrations for thc sampling network. 
Table 4 contains the mean concentrations of 
plutonjum in ambient air at  thcsc stations during 
1987, as well as the minimum and maximum 
co nce ti tra t io tis measured throughout t he yea,. 

The mean concentrations of plutonium in ambient 
air at the fivc onsite stations during 1987 ranged 
from 0.1 17 X IO- l5 to 1.222 X pCi/,nQ 
(4.33 X to 4.52 X IU5 Bq/m3). These con- 
centrations are less than 7 percent of the offsite 
Dcrived Concentration Guide (DCG) for plutonium 
in air. 

Monitoring for tritium in ambient air is conducted 
at  onsitc locations S-4. S-5. and S-16 (Figure 7 ) .  
Samples are collectcd and analyzed weekly. The 
tritium samplers operate continuously a t  a sampling 
rate of one-to-two liters of air per minute. Water 
vapor in the sampled air is collected in a Pyrex tube 
filled with silica gel. The  sampling equipment is 
contained in a n  aluminum case that is insulated. 
weathcrtight. and lockable. Temperature inside the 
case is controlled by a small heater and a fan that 
maintain a tctnperature bctwecn 4.44 and 32.2 O C  
(40 and 90 OF). Table 5 presents the mean concen- 
trations of tritium in ambient air a t  these three - 
onsite stations during 1987. 

Annual nie;in concentration o f  tritium in ambient 
air a t  the three onsitc stations during 1987 ranged 
from 0.07 X to  0.76 X lo-'* pCi/mP air I 

(2 .6  X IOv3 to 9.6 X Bq/m3). These concen- 
trations arc less than 0.0002 percent of the offsite 
DCG for tiitiiim in air. 
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TABLE 4. Plutonium-239 and -240 Activity Concentrations in Onsite Ambient Air at Selected Locations" 

Nunibcr of 
Conccntrationb (X 10-15 pCi/mP)C 

Volulllcd Standard Deviation PcrccnP of DCG 
Ctnin C m u  Cmcan __-_ (Ctncan) (Cmcan) Station Analyscs (x 1 o o o n 1 ~ )  

s-5 26 287 0.034 0.729 0.117 0.194 
S-6 25 345 0.010 1.81 5 0.203 0.509 
s- 7 25 34 7 0.075 4.170 0.770 1.114 
$8 26 379 0.148 3.01 8 0.885 0.789 
s-9 26 40 7 0.302 3.878 1.222 1.012 

$4 1 7 0.002 0.002 0.002 
s - l  I 1 7 -0.00 I -0.00 I -0.00 I 
S-18 z 34 0.007 0.007 0.007 

a. Air-wnipling stations S-5, S-6, 5-7. S-8, and S-9 arc located in arcas whcrc tlic potential for elevated airbornc 
radioactivity is grcatcst (see Figure 7). Saniplcs from stations S-4 (takcn 12/15/87 to 12/21/87), S-11 (taken 1/6/87 to 
1/13/87), and S-18 (takcn 12/23/86 to 1/27/87) exceeded the screening guide of 10 X 
alpha activity. Specific plutonium irnalyscs were performcd on thcsc saniplcs. Tlic rcsults of thcsc analyses arc includcd 
for complctencss. 

Cnl, = Mi~xiiiium conipositcd concentration; CIllcan = Mcan conipositcd concentration. 

incan concentration at S-5 was 0.1 17 x I O-I5 pCi/tii~. 

S-5 was 287,000 i n 3 .  

of the public is 20 X 

pCi/mcl total longlivcd 

b. conccntrations rctlcct nionthly composites of station concentrations Cn,in = Minimum cornposited concentration; 

c. TO obtain tlic proper concentration. multiply the nurnltcrs listed in tlic table by 1 x pCi/mY. For csamplc, the 

d. T o  obtain tlic proper volunic. multiply thc nunibcrs listed in tlic lablc by 1000 m 3 .  I:or csamplc, volunic sampled at 

e. The interim standard calculated Dcrivcd Concentration Guidc (DCG) tor inhalation of class W piuroniuin by members 
pCi/mP. (Scc Appcndis A.) 

0.58 
1.01 
3.85 
4.42 
6.1 1 

0.01 
-0.01 
0.04 

Station - Number of Analyscs 

TABLE 5 .  Tritium Activity Concentrations in Onsite Ambient Air 

Condensed 
Water Vapor 

(inn) . 
Standard Deviation 

(Cmcan) 

PercentC of DCG 

(Cmcan) 

s-4 48 624 1397 -0.31 f 1.08 1.03 5 1.57 0.23 0.42 0.0001 1 
s-5 41 420 1032 -1.04 f 1.08 1.88 i 1.06 0.07 0.84 0.00003 

0.0001 3 S-16 47 689 1475 -0.82 ?: 0.91 1.38 i 1.02 0.26 0.60 

a. Concentrations reflect monthly coiiipositcs of station concentrations Cmin = Minimum cornposited conccntration; 

b. To obtain the proper concentration, multiply the number of the table by 1 X pCi/niu. For csamplc, tlic mean 

c. The interim standard calculatcd offsitc Derived Conccntration Guidc (DCG) for tritium in air is 200,000 x 10'" pCi/ma. 

C,, = Maximum cornposited conccntration; Cnlcan = Mcan cornposited concentration. 

concentration at  S-4 was 0.23 x IO-'* pCi/niQ. 

(See Appendix A.) - 

Samples of airborne particulates are collected on 
filters by high-volunie air samplers at 14 locations 
along or near the plant perimeter. These perimeter 
samplers are located between 3 and 6 kilometers 
(2 and 4 miles) from the plant center. (Figure 7.) 
The samplers are nunibered S-31 thro~igli S-44. 
Samples from each location are collected biweekly. 
cornposited by location. and analyzcd for a four- 
week period for plutonium. Table 6 presents the 
average concentrations o f  plutonium radioactivity 
in airborne particulates at Stations S-3 I tlirougli 
S-44 during 1987. The mean concentration of  

- 

plutonium in ambient air at these locations during 
1987 was 0.005 X IO-" pCi/ml? (1.85 X IO-' 
Bq/m3 ). This concentration is 0.03 percent of 
the offsite DCG for plutoni~~ni in air. 

i 
Otic pcrimetcr sampler measured higher than 
normal plutonium concentrations for one month 
during 1987. The maximum point estimate 
recorded a t  sampler S-34 was 0.263 X IO- '' 
yCi/mB (9.74 X IOd6 Bq/ni3). mcasured in August. 
I nvcstign t ion rcvea led no conclusive e x  pia na tion 
for this valuc. Tlierc were 110 indications that it 
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A 
S-3f 

N 

A 
s-32 

S-23 

-1 . .- 5-42 

A 
s-35 

Analyzed for TLL a only 

Analyzed for TLL 0 and Pu 
A Air Samplers. 3 lo 6 kilometers (2 to 4 miles) distant 

FIGURE 7. Location of Onsite and Plant Perimeter Ambient Air Samplers 
(Portions o f  figure are not to scale.) 

i 

- i  

f 
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Station 

s-3 1 
s-32 
s-33 
s-34 
s-35 
S-36 
8 3  7 
S-38 
s-39 
S-40 
s-4 1 
s-4 2 
s-4 3 
s-44 

-. 

Sunitnary 
Average -- 

TABLE 6 .  Plutonium-239 and -240 Activity Conccntrations in Pcrimctcr Ambient Air 

Nunibcr of Analyses 

I 1  
12 
I2 
12 
I2 
12 
12 
12 
12 
12 
12 
12 
12 
I2 

167 
- 

Vo lu lnc~  
( X  1000 1113)  

294 
313 
365 
32 I 
293 
355 
35 I 
36 2 
388 
338 
32 1 
355 
390 
355 

o m 0  
-0.00 I 
-0.001 
-0.00 I 
-0.001 
0.001 
0.002 
o m 0  

- o m  I 
-0. no I 
o . m  

-0.00 I 
-om1 
-0.001 

0.013 0.003 
0.014 0.002 
0.004 o.00 I 

n.oix  0 . w  

0. o 1 8 0. 005 
0.006 0.002 
0.010 0.003 
0. 009 0.003 
0.004 o.oo I 

0.010 0.002 

0.263 0.024 

0.022 0.007 
0.01 I 0.007 

0.006 0.002 

-0.001 0.263 - 

0.005 

Standard I)cviation 

(Cniccln) 

0.004 
0.004 

0.075 
0.006 
0.006 

0.002 

0.003 
0.005 
o.on:! 

0.003 

0.002 
0.003 

0.003 

0.002 

- 
0.00857 

3. To obtain tlic proper concentration, niultiply tlic numbers listcd in ilic tnblc by 1 x 

b. To obtain tlic yoper  volumc. multiply tlic nunibcr listcd in tlic tablc by I000 in3. I'or c\anipIc, tlic voluinc 

c. The intcriin st:ind:ird claculatcd lkrivcd Ciinccntrcltion Guide (I)('(;) I'or inlialation of Clns  W plutoniitni by  

gCi/iiiQ. I:or csaniplc. 
the nicm conccntr:ition a t  S-31 W:IS 0.003 X IO-15 pCi/niV. 

saniplud ;it S-3 I \vas 294,000 1 1 1 ~ .  

nicnibcrs of  thc public is 20 x uCi/nit!. 

Percentc of' UCC, 

(Cnican) 

0.02 
0.0 I 
0.01 
0.12 
0.02 
0.04 
0.04 
0.02 
0.01 
0.02 
0.02 
0.0 I 
0.0 1 
0.0 1 

- 

0.03 

w;is related to any activities ;it the plant. It has 
been incliidcd i n  Table 6 .  This value is less than 
1.4 percent of the offsite DCG for plutoniuni in air. 

Samples of airborne particulates are also collected 
at 14 locations i n  o r  1ic;ir communities in the 
vicinity of the Rocky Flats Plant. These locations. 
shown in Figure 8. arc Boulder. Brooinl'icld. 
Cot ton  Crcck. Denver. Golden. Jcffco Airport. 
Lafayettc. Lakcview Pointe. Leyden. Marshall. 
S 11 pc ri or. W a g  c r. Wa 1 n i i  t Crcc k . ;I nd Wcs t ti1 i tis tc r. 
Sample filters are collected biweekly. coinposited 
by location for ;i four-week period. and analyzed 
for plutonium radioactivity. Table 7 presents tlic 
average concentrations of pliitoniutii i n  airborne 
particulates at the community stations during 
1987. The tiican concentration 01' plutoniiini i n  
ambient air at tlic comniunity stations was 0.003 X 

* pCi/niQ ( 1 . 1  I X io-' Bq/11i3). This value is 
0.02 pcrcent of the offsitc DCG for plutotiiitni i n  
air. 

The Westminster cotnmunity air saliiI>Icr rccortlccl 
otic abnormal valiic i n  1987. Tlic Novcmhcr point 

cstim:itc of' the plutoiiiirm concentration in the 
ainbicn t air a t  the Westminster sampler was 
0.299 X pCi/iiiIz ( 1 . 1  X IO-' Bq/11i3). 

I'or this valtic. Tlicrc were no indications that it 
W;IS related to any R o c k y  Flats Plant activities. 
The value hits bccn included in Table 7. This valiic 
is less than 1 .5 percent o f  the offsitc DCG for 
plu toniiiiii in air. 

liivcstigatioii r c ~ ~ : t l ~ ~ d  110 concltrsivc cxl)laliittioI1 

C. Nonradioactive Aiiibieiit Air Monitoring 

During 1987. Iiionitoring of ambient air incltidcd 
t he fo I1 ow i  11 g pa r;i tiic tc rs : tot  ;I I si1 spc ti de tl par - 
ticulatcs (TSP). ozo~ic. stilt'itr dioxide. carbon 
tiionoxirk. Iii trogcti dioxide. atitl lead. This 
iiioti i t ori ng tit ilizcd ins t rumen ta ti on in ;1 sc If- 
con taincil slicl tcr cqu ip pccl for fie Id sam pling of 
ainbicnt air. Thcsc six parameters arc criteria 
pollutants rcgtilated by the EPA ; ~ n t l  the State o f  
Coloraclo through tlic ClcLrn Air Act Alncndmcnts 
of 1970 anti 1977, wiiich inclucle the National 
Atnhicnt Air Quality Standards (NAAQS) a n d  . 

17 
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FIGURE 8. Location of Community Ambient Air Samplers 
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TABLE 7. Plutonium-239 and -240 Concentrations in Community Ambient Air 

Station 

Marshall 
- Jcffco Aiipcrt 

Superior 
Boulder 
Lafayettc 
Broom ticld 
Walnut Crcek 
Wagner 
Leyden 
West niinst cr 
Denver 
Golden 
Lakevicw Polntc 
Cotton Crcck 

S u in ni ar y 
Average 

Concentration (X pCi/mu)" 
Standard Deviation Number of  Volu 1ncb 

Analyses (x 1000 in3) Cmin Cniu , 'incan (Cnican) 

12 
12 
12 
I 2  
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

315 
34 2 
327 
364 
344 
30 I 
384 
36 7 
337 
279 
319 
36 3 
365 
345 

-0.00 1 
0.000 

-0.001 
0.000 
0.000 

-0.00 I 
-0.001 
0.000 

-0.001 
-0.002 
-0.006 
-0.00 I 
0.000 

-0.00 I 

0.005 0.002 
0.010 0.003 
0.004 0.00 I 
0.004 0.00 I 
0.004 0.002 
0.008 0.002 
0.005 0.002 
0.007 0.003 
0.008 0.001 
0.299 0.026 
0.005 0.001 
0.007 0.001 
0.008 0.002 
0.005 0.001 

0.002 
0.003 
0.002 
0.001 
0.001 
0.003 
0.002 
0.00 3 
0.002 
0.086 
0.003 
0.003 
0.002 
0.002 

168 -0.006 0.299 - - 
- - - - 0.003 0.00821 

i'crccnt" of  DCG 
('mean) ~ 

0.01 
0.02 
0.0 I 
0.01 
0.01 
0.01 
0.0 1 
0.02 
0.0 1 
0.13 
0.01 
0.01 
0.01 
0.01 

- 
0.02 

~ 

a. To obtain the proper Concentration. niultiply tlic numbers listed in tlic table by 1 x 

b. To obtain the proper voluiiic, multiply the numbers listed in the table by 1000 111'. I:or csaniplc, tlic volunic 

c. The interim standard calculated offsitc Derived Conccntr;ition Guide (IXG) for inhalation of Class W plutonium by 

pCi/inY. Ior example, 
the mean concentration at Marshall was 0.002 x IO-'' pCi/niV. 

sampled a t  Marshall was 315.000 i n 3 .  

mcnibcrs of the public is 20 x pCi/mV. 

Colorado Air Quality Control Commission Ambient 
Air Standards. Table 8 identifies thc detection 
methods and operating ranges of the monitoring 
analyzers with corresponding compliance standards. 
During 1987. the nioiiitoring shelter remained 
stationary a t  a location near the east entrance 
to  the plant. This is an open area near a traffic 
zone and is generally downwind from plant build- 
ings. Ambient air data were collected over the 
entire year with some limited loss of data due to 
problems with the data acquisition system. 

Final promulgation of EPA's respirable particulates 
(PM-IO) standards was issued July 1. 19874US87a) 
Reference methods for  this new PM-IO standard 
were issued by EPA on October 6. and December 1. 
1987WS87b)  The PM-10 sampler that the Rocky 
Flats Plant has purchased is one o f  the twoaccepted 
Sam pler designs specifically described in the 
October 6, 1987, Federal Register discussion. 
(US84b) These units wilt be put into routine 
service for the 1988 sampling period. The refercncc 
method for ambient lead sampling is still the 
HiVolume sampler. The use of both TSP and 

PM-1 0 sampling is encouraged by CDH until 
specific clianges are made in state regulations that 
reflect the PM-I 0 clianges in the federal regulations. 
Thcrcforc, total suspended particulates (TSP) 
sam p 1 ing using Hi Voluni e sa in p I C  rs w il I co 17 t i n  lie 
i nd e f in  i t e 1 y . 

Mcasurements of TSP and lead were conducted 
using the EPA reference high-volume air sampling 
method. The primary ambient air particulate 
sampler and a co-located duplicate sampler were 
operated on the EPA's sampling schedule of 
once every sixth day. Particulate data are shown in 
Table 9. The highest TSP value recorded (a 24- 
hour sample) was 100 pg/ni3. which is 38 percent 
of the 24-hour primary standard of 260 pg/m3.  
The annual geometric mean value for 1987 was 
41 pg/m3. which was 55 percent of the NAAQS 
primary annual geometric mean standard o f  75 
pg/m3. 

The quarterly average lead concentrations in air 
(taken from HiVol samples) for 1987 were well 
below the primary quarterly standard of 1.5 
pg/11i3. The Iiighcst quarterly value detected was 
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TABLE 8. Ambient Air Monitoring Detection Mcthods and National Ambient Air Quality Standards (NAAQS) 
for Total Suspended Particulates, Ozone, Sulfur Dioxide, Carbon Monoxide, Nitrogen Dioxide, and Lead 

Pamriictcr 

Total Suspcndcd 

- 

Particuhtcs (TSP) 

Ozonc (0,) 

Sulfur Diosidc (SO, ) 

Carbon Monoxidc (CO) 

Nitrogen Diosidc (NO,) 

Lead 

Dctcction Mcthods and Analyzcr Rangcs 

Rcfcrcncc Mcthod (Hi Volurnc) 

___ - - . _. - - -- 

24-Hour sampling 
(6tbday sclicdul~ng) 

ThcrnioElcctron Modcl 49 
Ultraviolct Photometry 
0-0.5 ppm 

ThcrmoElectron Model 43 
Pulscd Fluorcsccncc 
0-0.5 ppin 

ThcrmoElcctron Model48 
Cas Filtcr Correlation (infrarcd) 
0-50 ppni 

Monitor Labs Modcl 8840 
Chcniilurnincsccnt 0-0.5 ppni 

Rcfercnce Mcthod (Hi Volunic) 
24-Hour Sampling 
(Atomic Absorption Analysis) 

NAAOS Avcratlina Timc 

Annual Ccomctric Mcan: 
Primarya 
scco  ndar y b 

Priniarykc 
Sccondarybyc 

24-Hour 

1-Hour 
Prirnaryhd 

Annual Arithmctic Mcan: 
Primarya 

24-HO~r  
Sccondary 3-Hour 

1-tiour 
PrimaryaTc 

Priniarya*c 
8 - l l o u r  

Annual Arithnictic Mcan: 
Primarya 

Calcndar Ouartcr 
l’rini:iryii 

Conmn tration -. ---I_ 

15 pg/rn3 
60 pg/m3 

260 pg/rn3 
150 pdm’ 

0.12 pprn 

0.030 ppm 

0.140 pprn 
0.500 pprn 

35 PPm 

9 PPm 

0.05 ppin 

1.5 pdm3 

a. Primary NAAQS arc intcndcd to protect public Iicalth. 
b. Secondary NAAQS arc intcndcd to protcct public wcllhrc. 
c. Not t o  be csccedcd more than once pcr ycar. 
d. Statistically estimated numbcr of days with conccntrntions 

in CYCCSS of the standard is not to bc mufc than 1 .O per ycar. 

0.033 pg/m3 collected during April. May. and 
June. which i s  less than three percent of the EPA 
standard. 

Ambient ozone data were collected using an 
ultraviolet (U.V.) photonietric type analyzer. 
During 1987. a total  of 8.143 1-hour ozone 
samples were collected. The maximum 1 -hour 
value was 0.135 pprn, which is 112 percent of the 
primary one-hour standard of 0.120 ppm. The 
second highest 1-hour ozone value. which occurred 
during the  same afternoon i n  August was 0.134 
ppm. These values are consistent with levels 
measured in the generrtl Denver metropolitan area 
during high pollutio1i episodes. 

Sulfur dioxide sampling was conducted using a 
CUI; tin LI ousl y opera ting pu I sed fluorescence type 
aniilyzer calibrated by use of a certified cylinder 
gas and a dynamic gas dilution calibration system. 
The cylindcr gases. as well as the mass flowmeters. 
!?ave traceability to primary standards set by the 
National Bureau of Standards. The maximrim 1 - 
!?our SOz value recorded a t  the plant was 0.025 
ppni and the maximum observed 3-hour average 
valtrc wits 0.021 ppm. which is 4 percent of the 
EPA 3-hour standard of 0.500 ppm. The calculated 
annual arithnietic mean value of 0.003 ppin is 10 
percent of thc NAAQS annual arithmetic mean 
standard of 0.030 p l m .  The maxinium cbserved 
24-hour averagc for SO, was 0.01 0 ppn.  which 
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TABLE 9. Onsite Ambicnt Air Quality Data 

(Nonradioactive Parameters) 
1987 

Total Suspendcd Particulates kg/m3)  

Total Number of Samples - “A”a 
Total Nuniber of Samples - ‘%”b 

Geometric Mean, Sampler “A” 
Geometric Mean, Sampler “B” 

Standard Deviation, Sampler “A” 
Standard Deviation, Sampler “B” 

60 
58 

40.9 
39.2 

21.8 
21.5 

Observed 24-Hour Masiniurn, “A” 100.1 
Observed 24-Hour Maximum, “B” 97.2 

Second Higlicst Maximum, “A” 97.5 
Second Highest Maximum, “B” 96.5 

. _  

Lowest Obscrvcd Value, “A” 
Lowest Observed Valuc. “8” 

8.8 
5.2 

Ozone (ppin) 

Number of Obscrvations, Hourlyc 8,143 
Arithmetic Mean, Annual 0.036 
Maximum I-Hour Concentration 0. I35 

0.1 34 
Minimum Observation, Hourly 0.003 
Sccond Highest I-Hour Conccntration 

Carbon Monosidc (miii) 

Number of Observations, Hourlyc 8,400 
Arithmetic Mean. Annual 0.69 

Sccond Highest I-Hour Conccntration 4.90 
Masirnuin 8-Hour Conccntratiori 2.30 
Mininiuin Hourly Observation 0.05 

Maximum 1 -Hour Conccntration 6.50 

Nitroncn Dioside (~oi i i )  

Number of Obscwations, Hourlyc 7.500 
Arithmetic Mean 0.005 
Maximum I-flour Conccntration 0.064 
Minimum Hourly Observation 0.00 1 

Sulfur Disoide (ppm) 

Numbcr of Observations, Hourly‘ 8.284 
Arithmetic Mean, Annual 0.003 
3-Hour Average, Highest 0.021 
24-Hour A V W J ~ C ,  Highest o.oin 
Maximum 1 -Hour Concentration 0.025 

- Air borne Lead (fig/m3 ) 

Jan-Mar Apr-June Jul-Scp Oct-Dcc 
Total Number 
of Samples 6 7 6 6 

Quarterly Avg. 0.015 0.033 0.018 0.010 

a. Primary ambient air particluate sampler. 
b. Co-Located duplicate sampler. 
c. Continuous millivolt analyzer output is cumposited and 

converted to cnginccring units for comparison to NAAQS 
(see Table 8). 

is 7 perccnt of thc NAAQS 24-hour standard of 
0.140 ppm. 

Thc 8,400 hourly averages of carbon monoxide 
(CO) data collected during 1987. using a gas filter 
correlation infrared type analyzer. yielded an 
annual arithmetic mean of 0.69 ppm, including a 
maximum 1 -hour average value of 6.50 ppm, which 
is 19  percent of the primary I-hour standard of 35 
ppm. A maximum 8-hour average concentration 
value of 2.30 ppm was recorded, which is 25 
percent of the 8-hour primary standard of 9 ppm. 

The nitrogen dioxidc (NO,) data contain 7,500 
hourly avcragks of cor?tinuous sampling and gave 
an annual arithmetic mean of  0.005 ppm, which 
is IO pcrcent of the NAAQS primary annual 
arithmetic mean standard value of 0.05 ppm.  
The maximtini 1 -hour value noted during this time 
pcrioci was 0.064 ppm. 

The data for all parameters were assessed with an 
accuracy of + 15 percent based on routine precision 
and operational span checks. multipoint dynamic 
calibrations. and established quality assurance 
p rocc d u res. 

As part of an ongoing quality asswance program, 
all of the analyzers were again subjected to an 
independent annual audit during 1987. Responses 
of all analyzers were within the range of established 
EPA guidelines for an ambient air monitoring 
network (+ 15%). 

D. Waterborne Effluent Monitoring 

North Walnut Creek receives surface water runoff 
from the north side of the plantsite. (See Figure 4.) 
Holding Pond A-3 on North Walnut Creek is used 
to  impound this surface runoff for analysis prior 
to  discharge. A second control point, holding 
Pond A-4, is located further downstream. 

Ponds A-1 and A-2 are isolated by valves from 
North Walnut Creek. I n  the past, these ponds have 
been used for storage and evaporation of laundry 
water. This practice was discontinued in 1980. 
These ponds currently are maintained in a state of 
readiness for control of possible chemical spills 
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in to  the North Walnut Creek drainage basin. 
Disposition of Pond A-I and A-2 runoff water 
is through natural evaporation and is enhanced by 
spraying water through fog nozzles over the surface 
of  the ponds. Excess water that does not evaporate 
is then recollected by  the ponds. 

South  Wainu t Creek receives surface water runoff 
from the central portion of the plant. This water js 
diverted through a culvert system t o  Pond B-4 and 
then to Pond B-5 where the water is impounded 
for analysis prior to controlled offsite discharge. 

In the past. treated sanitary wastewater was also 
routinely discharged to South Walnut Creek. This 
practice was discontinued in 1979. Currently, 
discharges occur only when weather conditions 
do not permit onsite spray irrigation. Between 
1981 and 1987, some treated sanitary wastewater 
has been recycled tlirough the plant Rcverse 
Osmosis (RO) Facility for further treatment and 
reused in plant cooling towers. Excess water that 
could not be recycled was discliarged directly t o  
Pond B-3 or pumped into the RO holding ponds 
and spray-irrigated on to  Rocky Flats buffer zone 
areas. Ponds B-1 and B-2. also located j n  the 
central drainage. are reserved as backup control 
ponds. These ponds can be used to  retain chemical 
spills. surface water runoff. or treated sanitary 
wastewater. 

Surface runoff water from the south side ot' thc 
plant is collected in an interceptor ditch and flows 
to surface water control Pond C-3, where the watcr 
is impounded and analyzed before discharge 
offsite. Woman Creek, also in the south drainage, 
is isolated from this diversion system. Pond C-1 is 
used as the monitoring point for Woman Creek. 

Discharges from the Rocky Flats Plant are 
monitored for  compliance with appropriate 
Colorado Department of Health Standards and 
EPA National Pollutant Discharge Elimination 
System (NPDES) permit limitations.(US84a) 
Annual average concentrations of chemical and 
biological constituents of liquid effluent samples 
collected from Ponds A-3, A-4, B-3, B-5, and C-2 
during 1987 are presented in Table 10. The data 
are indicative of overall water quality for these 
ponds. 

1 
22 

During 1984, the plant NPDES permit cxpired and 
was replaced by a renewed NPDES pcrmit with 
the same seven discharge locations 001, 002, 
003, 004, 005, 006, and 007. The discharge 
locations are indentified in Table IO. The NPDES 
perinit places monitoring and reporting require- 
ments and limitations on daily concentrations and 
mon thly average concentrations for specific param- 
eters. There were two violations of the NPDES 
permit during 1987. One of thc violations consisted 
of an unauthorized discharge to Woman Creek of 
spray irrigated water from Pond 5 3  on March 2. 
1987. The other vioiation was issued for exceeding 
the allowable Biochemical 0xygc.cn Demand (BOD, ) 
during thc month of May 1987. 

Spray irrigation o f  treated sanitary wastewater has 
been done in accordance with good engineering 
practices sincc 1979 at  the Rocky Flats Planr. On 
March 2. 1987. some surface runoff o f  the sprayed 
treated sanitary cffluent occurred due to  the satura- 
tion of the spray ficld area with snow melt. The 
combined snow mclt and treated sanitary waste- 
water flowed by natural drainage into the Woman 
Crcek drainage. This water circumvented the 
permitted NPDES discharge locations resulting in 
3 tcchnical violation of the Rocky Flats NPDES 
pc r in i t . 

Corrective actions taken t o  preclude a reoccurrence 
of' the surf;tcc runoff include: (1 ) djscharge of the 
treated sgnitary wastewater through Discharge 001 
when -wcatiier conditions prevcnt proper spray 
irrigation; (2)  installation of a perimeter trench 
around the primary spray field to  divert surface 
flows in to  discharge location 007;  and (3) enhanced 
administrative coi?trols by Rockwell personnel to  
provide additional surveillance of the spray irnga- 
tion fields. Aualytjcal results from samples of the 
treated sanitary wastewater effluent at the advanced 
waste water treatment piant showed good water 
quality and no adverse impact was detected on 
Woman Creck. 

The BUD, violation occurred in May 1987 after 
three separate discharges occurred during the 
month. The average of the three BOD analyses 
was 15 mg/P. This is  above the allowable monthly 
average limit of 10 mg/P and a technical violation 
of the NPDES permit occurred. There were no 
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TABLE 10. Annual Avcragc Concentrations of Chem- 
ical and Biological Constitucnts in Liquid Effluents" 

,Nuiiibcr of 

crncan -- ~~ Paramctcr . . .. Analyscs ___ CtIlin Cm, 

Discliargc 001 b 
1) t I .sue 
Nitriitc as N, tiig/v 
Total Suspended Solids, ing/v 
Total Residual Chlorine. mg/V 
Total Cliromiuin, nig/v 
Total Phosphorus, ntg/i! 
Fecal Coliforni. #/!00 IIIV 

I3iocliciiiical Osygcn Dcniand 
(BOD, ). mg/v 

~ i s c ~ i a r g c  002 '~  
pH, SU 
Nitrate as N ,  nigjv 

Discliargc 003b 

Discliargc 0 0 4 b  

33 
33 
33 
33 
12 
33 
30 
15 

6.6 7.5 
c0.4 3.2 

19.0 
<0.05 0.2 
<0.05 0. I 

0.6 6.0 
< I  3.5 

20.0 

- 
1.4 
8.5 
0.1 
0.05 
1.2 
1.2 
9.0 

38 7 .o 8.0 - 
38 - 4.2 2.4 

During 1987. tlicrc were no discliargcs madc to olfsitc 
watcrs I'roin the Rcvcrsc Osmosis Pilot Plant. 

During 19x7. tlicr were no discliargcs ntadc to offsite 
watcrs I'roiii the Ilevcrsc Osmosis Plant. 

Discliaryc 005 .i 

1'14. su 21 7.4 x .4 - 
Nitraks as N ,  iiig/v 21 0.2 5.1 I .5 
Nonvolatilc Suspended 

Solids. tiig/L' 21 0.0 21 3.7 

Discliargc 0061) 
p l f .  su 36 7.0 8.7 - 
Nitrates as N. m g / ~  36 0.2 3.8 I .4 

Solids. rng/v 36 0.0 18.0 3.6 
Nonvolatilc Suspended 

Discliarsc 007b 
p l f .  su 15 6.9 8.1 - 

Nitrates as N ,  iiig/t 15 0.2 I .3 0.5 

Solids. rng/V IS  0 . 0  7.0 3. 1 
Nonvolatilc S uspcndcd 

~ 

a. Esamplcs of NPDES Permit limitations arc presented in Tablc A-1. 
b. Tlic Environmental Protection Agency NPI)I,:S disclixge permit 

defines the discharge locutions :IS t'ollows: 
001 - Pond R-3 
002 - Pond A-3 
003  - Rcvcrsc Osmosis Pilot Plant 
004 - Rcversc Osinosis Plant 
005 - Pond A 4  
006 - Pond U-5 
007  - Pond C-2 

e. SU -Standard Units 

upset condi t ions  of  the sewage treatment plant for efflucnt limitations permit a nionthly average 
observed by plant operatom during the month. of 30 nig/!2 for BOD5 which  is thrcc times thc 
The cause o f  the elcvated BOD is believed to be limit placcd on the R o c k y  Fiats NPDES permit. 
algal growth i n  Pond B-3. the treated sanitary Tltcrcforc. no adversc environmental imi~acts wcrc 
wastewater holding pond. The Colorado rcgiilations an ticipatcrl from the discharge of Pond B-3. 
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TABLE 1 1 .  Plutonium, Uranium, and Aniericium Concentrations in Water at the Rocky Flats Plant 

Nunibcr of 
Cmw 

Plutonium Conmntration (X 1w9 pCi/rnu)" 
_- Lomtion Ana I y scs %in 

_5____.--_-_._-_.-.-- _.-- 

Pcrmnt of 
'mean Dcc _______ 

'Pond A 4  8 
Pond B-5 10 
Pond C-1 48 
Pond C-2 5 
Walnut Creek at Indiana Street 32 

Pond A 4  8 
Pond B-5 12 
Pond C-1 48 
Pond C-2 5 
Walnut Creek at Indiana Strcct 32 

Pond A 4  8 
Pond B-5 12 
Pond C-1 48 
Pond C-2 5 
Walnut Creek at Indiana Street 32 

-. 

0.00 +_ 0.02b 0.04 t 0.03b 
-0.007 t 0.03 0.04 +_ 0.03 
0.00 f 0.007 0.08 f 0.01 

-0.02 f 0.03 0.05 i 0.03 
-0.02 f 0.05 7.1 f 0.08 

uranium Concentration (X 10-9  p c i / m d  

5.2 t 0 ~ 5 ~  25.0 +_ 3.0b 
2.7 +_ 0.3 6.5 f 0.7 
0.03 t 0.1 4.3 5 0 5  

6.9 t 0.6 3.6 t 0.6 
0.9 +_ 0.1 13.0 f 2.0 

Americium Conccntration (X pCi/inYF 

0.01 ? 0.02b 0.03 t 0.02b 
-0.01 2 0.02 0.04 t 0.02 
-0.002 c 0.005 0.05 f 0.02 
-0.03 t 0.05 0.03 t 0.02 
-0.02 t 0.05 2.1 t 0.3 

0.01 i 0.009' 0.003 
0.02 t 0.007 0.007 
0.02 f 0.003 0.007 
0.03 i 0.02 0.0 1 
0.02 +_ 0.004 0.007 

11.3 f 1.2c 2.3 
4.6 +_ 05  0.9 
1.3 t 0.3 0.3 
5.4 f 0.2 1.1 
3.8 +- 0.1 0.8 

0.02 t 0.02c 
0.01 t 0.008 
0.01 t 0.002 
0.01 t 0.03 
0.01 t 0.01 

0.03 
0.02 
0.02 
0.02 
0.02 

a. 

b. 

d. 
c. 

C. 

Radiochemically dctcrmincd as plutoniuni-239 and -240. The interim standard calculatcd 
Derived Concentration Guidc (DCG) for plutoniun~ in watcr available to members of thc 
public is 300 x pCci/niQ. (See Appendix A,) 
Calculated as 1.96 standard dcviations of thc individual mcasurenicnt. 
Calculated as 1.96 standard deviation3 of thc mean. 
Radiochcniically dcterniined as uranium-233, -234, and -238, The interim standard c ~ l c t ~ h t ~  
Derived Conccntration Guidc (DCG) for uranium in water available to mcinbcrs of tlic public is 
500 X 
Radiochcmically dctcrinind as amcriciuni-241. The interim standard calculatcd Dcrivcd 
Concentration Guide (DCG) for americium in water available to nienibcrs of thc public is 
6 0  X uCi/mP. (See Amendix A,) 

pCi/niP. (SCC Appendix A.) 

. .  .. - 
Prior to  discharge from Ponds A-4. B-5. and C-2. 
water is sampled and anaiyzed for gross alpha. 
gross beta. tritium. gamma activity. pH. nitrate 
as nitrogen (N), and nonvolatile suspended solids. 
Water is not  released if the plant action level for 
any parameter is exceeded. In general. these action 
levels are based on EPA and CDH drinking water 
standards. 

During releases from Ponds A-4, B-5. and C-2 i n  
1987, water was sampled continuously. The 
samples were analyzed for plutonium, uranium. 
americium. tritium. pH. nitrate as N.  and non- 
volatile suspended solids. Water is also sampled 
continuously and collected daily from the outfall 
of Pond C-1 and collected from the Walnut Creek 

at Indiana Street sampling station when there is 
flow. Daily samples arc taken and analyzed for 
tritium. The daily samples lire composited into 
weekly samples for plutonjuni. uranium. and 
aine ri ci u ni an a1 y ses. Con ce ti tra t ions of pIu to- 
ilium. uranium. americium. and tritium in water 
samplcs from the outfalls o f  Ponds A-4. B-5, C-1. 
C-2. and from Walnut Creek a t  Indiana Street are 
prcsented in Tables 11 a n d  12. All plutonium. 
uranium. americium. and tri tiu in consent ra tions 
at these locations were 2.3 percent or less of the 
applicable DOE Derived Concentration Guides 
(DCGs). 

A niaximuni concentratjoii of 7.1 * 0.08 pCi/mll 
plutonjuni and 2.1 k 0.3 pCi/mP americium (see 

't 
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TABLE 12. Tritium Concentrations in Water at the Rocky Flats Plant 

Tritium Concentration (X 1 W9 pCi/mQ)" ______ 
Location Number of Analyscs Cmean Percent of DCC Cniin -- cm, -- I_- - ___- ._ 

- Pond A 4  21  -700 t 400b 800 t 400b 2 0 0 t  9 O C  0.0 1 
Pond 8-5 37 -600 t 400 1000 t 400 2 0 0 i  IO 0.01 

Pond C-2 13 -400 t 400 700 ? 600 300 t 120 0.02 
Walnut Creek at Indiana Street 63 -1000 t 400 1000 * 400 4 0 0 t  40 0.02 

- PondC-1 44 -!IO0 t 400 800 * SO0 100t 60 0.005 

a. The interim standard cal~ulatcd Derivcd Concentration Guide (WG) for tritium in watcr 

b. Calculated as 1.96 standard dcviations of thc individual measurement. 
c. Calculated as 1.96 standard deviations of thc mean. 

available to the members of the public is 2,000,000 x pCi/niV. (See Appendix A.) 

_ _  - ___ _ _  --- - _ _  - ._-- - 

TABLE 13. Uranium Concentrations in the Rocky Flats Plant Raw Water Supply 

Nuriibcr of 
Analyscs Cmin C m u  Cniean Perccnt of DCC ____  __ _ -  --- Location 

Rocky Flats Raw Waterb 12 0.3 5 0.lc 2.0 * 0. lc  0.9 t 0.04d 0.2 

a. Radiochemically dctcrmined as uranium-233, -234, and -238. 
The interim standard calculatcd Derived Concentration Guide 
(DCG) for uranium in watcr available to  mcmbcrs of the public 
is 500 X 

b. Source of raw water - Ralston Rcservoh and South Boulder Diversion Canal. 
c. Calculated as 1.96 standard deviations of the individual mcasurcmcnt. 
d. Calculated as 1.96 standard dcviations of the mean. 

pCi/mQ. (Sec Appendix A,) 

Table 11) was determined at  the Walnut Creek and 
Indiana sampling location. Normal sample results 
were measured for all o ther  sampling locations at  
the plant site and from reservoir and community 
samples for the sampling period August 21-28, 1987, 
during which the maximum concentration was 
found. The Broom field and Colorado Department 
of Health samples taken during the same time 
frame also produced normal results. There was no  
indication of sampling or  laboratory analytical 
error in the maximum concentration analysis. The 
most likely explanation for the elevated concentra- 
tions is localized resuspension o f  small amounts 
of contaminated soil or sediment into the water 

- samples. 

As previously mentioned. surface runoff water 
from the Rocky Flats Plant passes through Ponds 
A-4, B-5. and C-2 where the water is sampled and 
analyzed for  radionuclides during the discharge 
process. During 1987, the cumulative amounts of 
plutonium from Ponds A-4. B-5. and C-2 were 
3.2 X 10" Ci (1.2 X 10' Bq), 3.5 X 10" Ci 

(1.3 X 10' Bq) and 3.4 X Ci(1.3 X 10' Bq), 
respectively. The yearly cumulative totals for 
uranium. werc 36.1 X Ci (1.3 X l o8  Bq). 
10.4 X Ci 
(2.3 X l o 7  Bq). respectively. The totals for 
americium werc 5.7 X Ci (2.1 X 10' Bq). 
2 .4  X Ci 
(9.2 X IO4 Bq). respectively. Finally. the yearly 
cumulative totals for tritium from Ponds A-4. B-5. 
and C-2 were 6.5 X Ci(3.4 X lo9 Bq). 2.1 X 
lo-' Ci (7.8 X l o 9  Bq). and 5.2 X Ci (1.9 X 
I O 9  Bq). respectively. 

Ci (3.8 X lo' Bq), and 6.2 X 

Ci (8.9 X IO4 Bq). and 0.6 X 

During 1987. Rocky Flats Plant raw water supply 
was obtained from Ralston Reservoir and from the 
South Boulder Diversion Canal. Ralston Reservoir 
water usually contains more natural uranium 
radioactivity than the water flowing from the 
South Boulder Diversion Canal. During the year. 
uranium analyses were performed monthly on 
samples of  Rocky Flats raw water. The uranium 
concentrations measured during 1987 are presented 
i n  Table 13. Uranium concentratjons measured 
" 
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during 1987 i n  raw watcr averagcd 0 . 9  X 
pCi/iii.P (0.03 Bq/Q) or 0.001 ,ug/tiilZ. 

A vegetation control program using chemical 
herbicides was conducted a t  the Rocky Flats I’lant 
during 1987. Tlie application was completed by 
licensed indcpcndent contractors using EPA 
approved chemicals applied strictly according to 
tlie manufacturer’s labcl. Rockwcll personnel 
conducted inspections t o  ensure compliance with 
the appropriate regula tions governing ajipIica tion 
of herbicides. 

Approximately 1,336 gallons (4,640 Q )  of wastc 
contain ilia ted w i tli poly ch 1 ori nated biphenyls 
(PCBs) and low-level radioactivity arc storcd i n  
approved holding facilities tit the Rocky Flats 
Plant. Some operating transformers con tain PCBs. 
and each is identified. properly labeled, and 
protected according t o  EPA rcgiilations. A pro- 
g a m  is in place t o  replace all PCB-containing 
transformers. Aiialy t ica 1 results from downstream 
waters during 1987 showed no concentrations o f  
of PCBs in excess of tlie analytical detection limit 
o f  approximately 1 part per billion. 

E. Groundwater Monitoring 

As part of the Resource Conservation and Recovery 
Act (RCRA), two programs involving extensive 
hy drogeol ogic, ge ol og ic and groundwater quality 
investigations contiiiued i n  1987. The largest 
program was that of the Remedial Investigations 
(RI) for high priority areas which includes the 88 1 
Hillside, 9 0 3  Pad, Mound, and East Trenches. 
These investigations are t o  provide information on 
thc extent and magnitude of groundwatcr and soil 
contamination and t o  evaluate tlie characteristics 
of the possiblc sources. A total o f  46 monitoring 
wells and 52 boreholes were completed as part of 
this assessment. The renieifial investigation field 
activities began i n  March and ended i n  October 
1987.  Additional it;vestigaiiori activities will 
commcncc in tlic spring of 1988 i n  order to 
finalize thc sourcc c1;araLterization i1nd con- 
taminant delineation. Preliminary Rcmcdial 
Investigation reports for these areas can be found 
in the 881 Hillside Remedial Investigation Report 
(draft), July 1987  and for the 903 Pad, Mound, 

and East Trenches Remedial Investigation Report 
(draft). December 1987. 

Other field programs opcratcd in I987 were associ- 
ated with thc RCRA Closure Permit activitics for - 
prcviously uscd solar evaporation ponds and the - 
present operating landfill. These activities were to 
characterize the present condition of each regulated 
unit i n  order t o  establish effcctivc RCRA Closure 
Plans. Installation of 21 wells and thc drilling of 
19 boreholes for soil analyses wcre conducted. 
Tlicsc field activities wcrc complcted in December 
of 1987. Characterization reports of these sites 
will bc issued July 1988. 

- 

Geology-Surficial materials consist of the Rocky 
Flats Alluvi~rm. alluvial deposits in the valleys and 
co l luvi~~m (slope wash). The Rocky Flats Allu- 
vium is topographically thc highest and is the oldest 
of the alluvial deposits i n  the vicinity of thc plant. 
(See Figure 9.) The Vcrdos Alluvium. Slocum 
Alluvium. Tcrrace Alluvium. and Rcccnt Alluvium 
(lowest channel deposits) are found i n  thc drainages 
and arc primarily reworked Rocky Flats Alluvium 
with the addition o f  sonic bedrock material. Tlie 
Rocky Flats Al luvi~~m is a poorly sortcd Quaternary 
clcposit o f  sand. gravel and cobbles in a clay matrix. 
Its thickness varies greatly because it  was deposited 
upon an undulating hedrock surface. The thickest 
portion occurs on tlic west side of thc plant ( L I ~  to 
100 feet) and is thinnest t o  nonexistent on the cast 
cdgc of thc plant. 

Bedrock at Rocky Flats is comprised of two poorly 
indurated fluvial formations of Cretaceous age, the 
Arapahoe Fomiation (Ka) which is immediately 
beneath the 384 acre security-fenced area of the 
Plant and the upper Laramie Formation (Klu) 
wliicli irnclcrlics the west buffer zone. ‘Jic 
Arapalioc consists of fluvial claystones with 
i ti t et- bctl clcd ti isco ti t i ti uo us Ic n t icular sand sto tics 
and silt~tones. which ;ire stratigrapliicafly cc!ii- 
plcx. Weatlicring has pcnctr:itcd the bedrock - 
10-40 feet below tlie surficial material. The 
Laramie Fomiation can be separated into two 
geologjcal units. The upper Laramie consists 
primarily of fluvial claystone with occasionally 
encountered thin sandstone lenses. Tlie lower 
Laramie is coniprised of sandstones and siltstones 
with interbccltlctl claystones. Directly under the 
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LARAMIE FOX-HILLS AQUIFER 

. . . . Qrf  ROCKY FLATS ALLUVIUM v/fl$ KII LOWER LARAMIE FORMATION 

Ka ARAPAHOE FORMATION ",.'Q Kfh FOX HILLS SANDSTONE . .  

. . Kp PIERRESHALE 'g/k Klu UPPER LARAMIE FORMATION 

av VERDOS ALLUVIUM 

FIGURE 9. Geologic Cross-Sectlon in the Rocky Flats Plant Area 

Plant, both formations dip approximately 7 degrees 
eastward toward the Deliver Basin. 

€1 y droge o logy -- The re a re bas i ca 11 y two h y d ra LI I  i c- 
ally connected groundwater flow systems at the 
Rocky Flats Plant. These occur i n  the Rocky Flats 
Alluvium and other surtjcial materials (including 
valley fill materjals). and in the bedrock primarily 
the claystones and sandstones of the Arapahoe 
Forma tion. 

._-____ 

rile shallow groundwater tlow system occurs i n  
the Rocky Flats AlluviLini and other surficial 
in ate ria 1 s 11 11 der i i  n c on fined con di ti o 11s. TI1 is 
system is recharged by infiltration from incident 
precipitation. creeks. ponds. surface water diver- 
sion canals and spray evaporation/irrigation 
systems. Monthly water level measurements 
(potentiometric conditions) show this system t o  
be quite dynamic. with large fluctuations in 
response t o  seasonal and other stresses. 

- 

Alluvial wells reveal large areas that develop little 
or  no saturated conditions. Thew unsLiturLitcd 

conditions can limit the amount  of groundwater 
flow. 

Flow direction of water in  the alluvial system 
gcnerally follows topography. to  the east and 
toward drainages. In addition. water flow direc- 
tions are also controlled by the topography of 
the bedrock surface beneat h the surficial material. 
Groundwater discharges t o  the s~ i r fa ie  environment 
through evapotranspiration and baseflow to 
springs and s t r u m  channels. 

The majority of the groundwater movement in  
the Arapahoe Formation occurs i n  the sandstone 
lenses. Rccharge to the sandstone lenses occurs 
where they are in direct contact with the alluvium 
(subcrop areas) or  by leakage through the 
weathered claystone. Groundwater tlow is easterly 
to an area of discharge along the South Platte 
River, in the general area ncar Fort Lupton. 
C o 1 orad 0.  

I 

D 
L 

i 

L* 

Sampling and Analysis-Quarterly sampling was 
condllcted for selected pre-l986 wells and '111 of 
__.--_--- 
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the wells constructed in  1986. A total of 6 7  
additional wells also were installed and sampled in 
1987. These wells were sampled shortly after 
installation and then were placed into the quarterly 
monitoring program (see Figures 10 through 12). 
A total  of 159 monitoring wells are currently being 
sa nip led quarterly. Groundwater quality para m- 
eters anr!yzed in 1987 are shown in Table 14. All 
of the fourth quarter data was not  available during 
preparation of this report. Due to the amount  of 
data iwolved. only those volatile organic com- 
pounds NOCs)  and radionuclides most prevalent 
among the areas are presen ted. Analytical results 
for these paiameters are found in Tables 15 through 
24. Duplicate results are frequently shown in the 
tables. These are part of the Quality Assiirance 
and Quality Control (QA/Qc) protocol of the 
groundwater monitoring prclgra m. 

Maximum concentrations of all volatile organic 
compounds (VOCs) identified in the groundwater 
are presented in Table 16. Tlie unit of nic;isure- 
ment  for VOCs is micrograms per liter (pg/Q). 
This is approximately equivalent t o  parts pcr 
billion (ppb). Maximum concentrations of the 
radionuclides analyzed are presented in Table 15. 
For  perspective Derived Concentration Guides 
(DCGs) (see Appendix A) for water discharged to 
uncontrolled areas are also prcsented in Tablc 15. 
However, the DOE offsite DCGs are not  applicable 
t o  radionuclides in onsitc groundwater. 

Data Analysis--Groundwater quality data indicate 
VOC con tamination exists in the alluvium of eac11 
o f  the high priority remedial investigation areas. 
Tlie extent  of contaniination is well within the 
plant boundary. Relative concentrations of the 
contaminants and major ion chemistry. together 
with the hydrogeologic characteristics. assist in the 
differentiation of the various plumes. Due t o  the 
close proxiniity of sonie areas t o  each other. the 
con tamination converges in several locations. The 
plume with the largest areal extent emanates from 
the 903 Pad Area. It extends southeasterly. t o  the 
rifle range, and in the south t o  the interceptor ditch 
which runs parallel t o  Woman Creek. Samples taken 
from wells and surface water a t  Woman Creek d o  
not show any VOC contamination. (See Figure 1 1 .) 

u 

TABLE 14. Groundwater Monitoring Parameters 

Indicators 

Tcmpcraturc 
PH 

Specific Conductance 

Metals 

EPA Hazardous Substances List Metals (including 26 different metals) 
Lithium* 

Hexavalent Chromium* 

- 

Anions 

Bicarbonate 
Carbonate 
Chloride 
Cyanidc 
Nitrate 
Sulfatc 

-- 

Organics 

EPA Hazardous Substances List Volatile Organic Cornponds 
(including 34 diffcrcnt VOCr) 

Radionuclides 

Gross Alpha 
Gross Beta 

Uranium-233, -234,  -238 
Americium-24 1 

Plutonium-239, -240 
Tritium 

* Samplcd initially at rcmcdial investigation monitoring wells. 

VOC contamination in the alluvium a t  the 903 Pad 
Area is coni prised of Tetrachloroethylene (PCE). 
Trichloroethylene (TCE). and Carbon Tetrachloride 
(CC14 ). Several RCRA-designated Solid Waste 
Management Units (SWMUs) located at  and south- 
east of the 903 Pad have released contamination of 
varying composition and concentrations. The 
maximum concentration is that of TCE in well 
2-7 1 28,800 pg/Q. 

At thc 88 1 Hillside. VOC contamination is generaliy 
isolated i n  ;I small arc;i near one of the SWMUs 
which was historically used for drum storage. 
Elcvatcd VOC concentrations are primarily found 
in wells 9-74 and 10-74. Tlie VOCs found arc PCE: 
TCE: CCl,; I.I-DCE: 1.1.1-TCA: t r a w l  2-DCE: 
I .  I -DCA: 1.2-DCA; and clilorofomi (CHC13) (see 
Table 16). Thc Iiighest concentrations consisted of 
28.000 pg/P CCI4 and 72.000 pg/Q TCE in well 
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FIGURE 11. Monitoring Well Locations for High Priority Remedial Investigation Areas 

9-74. All radionuclides are below the Environ- 
mental Protection Agency (EPA) drinking water 
standards. (US76a) 

Alluvial contamination a t  the Mound consists of the 
VOCs PCE; TCE; C C 4  ; 1,l-DCE; trans-I ,2-DCE; 
1,2-DCA; I,l,I-TCA; and CHCl, . This plume 
extends eastward to  the East Trenches and north 
to South Walnut Creek where 1600 pg/a of trans- 
1.2-DCE was found in well 35-86. Samples from 
well 1-74 are several orders of magnitude higher 
for PCE and TCE having values of 528,000 and 
18,000 pg/t  respectively. Results close t o  the 

detection limit of TCE were found in some samples 
from well 36-86. 

Alluvial groundwater quality at the East Trenches 
indicates relatively moderate VOC concentrations 
at the west end due to the close proximity to the 
Mound and 903 Areas. The same VOCs-PCE, ~ 

TCE, and CC14 (the maximum VOC concentration 
was 4835 pg/Q for CC14)-are found a t  well 42-86. 
The extent of the plume in the alluvium does not 
appear extensive. Concentrations at the east end 
are low t o  non-detectable. However, additional 
work is needed in this area to fully characterize 
the extent of the plume. 

‘I 
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FIGURE 12. Monitoring Well Locations at the Resent Landfill 

Groundwater quality immediately adjacent to the 
solar evaporation ponds contains elevated concen- 
trations of nitrates and radionuclides-specifically , 
uranium isotopes and tritium. Concentrations are 
highest in well 28-86 and 30-86. A rather sharp 
chemical gradient exists on the south and east sides 
of the pond area. However, on the north side of 
the ponds. concentrations of 24 X pCi/m!2 
(8.9 X IO-' Bq/B) of U-233 and U-234 and 19 X 
lo-' pCi/mQ (7.0 X lo-' Bq/B) of U-238, were 
found. Elevated nitrate concentrations, at 54 mg/B 
of nitrate as N, were found in well 15-86. New 
alluvial and bedrock groundwater quality wells at 
the current Landfill appear unaffected by past 

operations. This area and the West Spray Field are 
undergoing RCRA closure permit activities, and 
more investigations are continuing. 

I 

Bedrock contamination consists of VOCs which 
occur in two areas. the 903 Pad Area and East 
Trenches. This contamination is found in the 
lenticular sandstones of the Arapahoe Formation. 
The concentrations of VOC in the bedrock indicate 
these sandstones are being recharged from the 
overlying alluvial system. Additional investigations 
on the stratigraphic correlation and lateral extent 
of the sandstones are needed to delineate the VOC 
con tamination. 
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TABLE 15. Sunimary of Plutonium, Uranium, Americium, and 
Tritium Concentration Ranges in Groundwater at  Rocky Flats Plant 

Radioactivity Concentrations 
(X uCi/mQ)a 

Plutonium-2 39, -240 -1.6 t 6.0 4.7 t 1.8c 1.6 45-86 
Americium-24 1 -0.4 t 1.6 2.3 t 2.9c 3.8 68-86 
Uranium-233, -234 0.4 +_ 1.1 1,000 +_ 300 200 28-86 
Uranium-;! 35 -02 t 02  41 * 15 7.8 28-86 
Uranium-238 -0.9 t 1.0 750 t 2 0 0  125 28-86 
Tritium <5 15 85,000 4.3 30-86 - 
a. To obtain the proper conccntration, multiply the numbcrs in thc tablc by 

b. Cnlin is the minimum measurcd concentration. 
c. Cmas is the maximum nicasurcd concentration. 
d. Comparisons with Derived Conccntration Guidcs arc prescntcd for pcrspcctivc only. Thc DOE 

e. Well was dry in November 1987, whcn attcinpt was rnadc to rc-samplc in ordcr to vcrify this value. 

FCVmY. For cxamplc, 
the minimum plutonium-239, -240 ronccntration is -1.6 x pCVrnY. 

offsitc DCGs are not applicable to radioactivity concentrations in onsitc groundwater. 

... - . . ~ .  . ~ . . . ~. - . . . . . . . . . . . . . . . .. - . . - - - - . . - 

TABLE 16. Maximum Concentrations for Volatile Organic Compounds 

Cornpou nd Maximum Wcll Nurnbcr 

Tetrachloroethylene W E )  
Trichlorocthylcnc (TEC) 
1,l -Dichlorocthylcnc (1.1-DCE) 
1J.1 -Trichlorocthanc (1,l.l -TCA) 
Carbon Tetrachloride (Ca,  ) 
1,2-Dichlorocthanc (I,?-DCA) 
Chloroform (CHCI, ) 
Trans-1,2-Dichlorocthylenc (Trhns-1,2-DCE) 
1.1-Dichlorocthane (1.1 -DCA) 

528,000 cldP 

118,298 rd Y 
48,000 pgJY 
30250  pg/V 

28.000 pdl: 

16.000 ccg/C 

5,427 pdC 

5,070pgJt 
342 cldP 

1-14 
36-81 
9-14 
9-14 
9-14 
9-74 

36-81 
43-81 
43-87 

The extent of bedrock contamination a t  the 
trenches is uncertain a t  this time. The one sample 
available t o  date from well 36-87 shows conccn- 
trations of PCE: TCE; 1 . I  -DCE; 1 . I  ,I-TCA; and 
CCl,% a t  4654,  118298, 1044, 1472. and 3673 pg/% 
respectively. Well 25-87. located on the west end. 
contains relatively low concentrations of PCE. 
TCE. and CCI4 a t  concentrations of 528. 56. and 
75 ugll l .  respectively. 

VOCs were also detected in the bedrock ground- 
water below the 903 Pad in wells 12-87. 11-87. and 
14-87. The highest concentrations were that of 
TCE a t  concentrations of 3570, 595. and 109 pg/.P 
for each well, respectively. 

DCG 
(X &i/rnu) 

300 
6 0  

500 
600 
600 

2,000,000 

Quartcr 

2 
4 

2 
2 
L 

4 
4 
4 

FU t LI re M o ti i t ori ng-G roun d wa ter ni oni toring will 
continue on a quarterly basis for  1988. Analytical 
parameters will be thc same as those given in 
Table 14. Monthly water level measurements will 
also continue in order t o  better characterize flow 
patterns. 

Additional phases of the remedial investigations for 
the  high priority arcas and RCRA Closure activities 
will comnicncc i n  the spring of 1988. Rcnicdial 
Investigations of the low priority sites will begin in 
the autLini of 1988. These investigations will 
f~ i r thcr  assess thc facility's impact, if any, on the 
gro u n d w a t cr s y s t c ni s. Fea si b i I it y st Lid i c s I i  avc 
initiated the dcvclopnicnt and sclcction of cffcctivc 
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Groundwater MonitoringlR FP-E NV-87 

TABLE 17. 1987 Groundwater Quarterly Sampling Program Plutonium-239, -240 (X IO4 pCi/mf) 

Well 

1-7 1 

- 

1-74 
1-81 
1-86 
1-87 
2 6 0  
2-7 1 

2-8 1 
2-86 
2-87 

3-74 

3-82 
3-86 
3-87 
4 6 0  
4-8 1 
4-86 
4-87 
5-82 
5-86 
5-87 
6-8 1 
6-82 
6-86 
6-87 

7-74 

7-8 1 
7-82 
7-86 
8-8 1 
8-86 
8-87 
9-74 

9-8 1 
9-86 
9-87 

10-74 
10-8 1 
10-86 
10-87 
11-86 
11-87 

12-85 
12-87 
13-86 

1st Quarter 

0.91 t 0.63 
0.05 f 15 
0.00 f 0.65 
0.00 f 0.69 
2.1 t 1.4 

NC 
0.70 f 0.96 
1.9 f 1.0 
0.22 f 0.95 
0.0 f 0.85 
0.72 t 0.93 

NC 

0.00 0.67 

0.10 t 0.77 
0.00 t 0.70 

NC 
0.79 f 0.89 

PS 
Dry 

0.00 t 055 
0.00 f 0.68 
0.7 t 1 .1  

NC 
PS 

0.44 f 0.84 
0.0 t 6.8 

NC 

0.10 t 0.61 

PS 
Dry 
Dry 

0.25 t 0.82 
0.21 f 0.85 

NC 
0.28 f 0 5 9  
0.0 f 1.1 
0.00 t 0.63 
0.6 f 1.2 

NC 

Dry 
0.10 t 0.70 
0.13 f 0.74 

NC 
NA 
NC 

0.00 t 0.78 
NC 
PS 

2nd Quartcr 

0.0 f 059 

0.9 f 1.1 
0 .OO f 0 9 6  
1.1 f 1.1 

Ps 
0.02 f 0.76 

0.8 f. 1.3 
0.9 c 1.1 
0.9 t 1.1 

PS 
0.00 t 0.79 

0.0 f 0.6 
0.00 t 0 5 9  

PS 
0.00 f 0.66 

Dry 
Dry 
Dry 

0.0 t 0 5  
0.0 t 0.6 
0.00 t 055 
0.07 f 0.71 
0.0 'I 0.8 

PS 
NC 

0.03 t 0.76 

PS 
Dry 
Dry 

0.00 t 0.66 
0.05 t 0.62 
1.7 r 1.9 
0.19 t 0.75 

0.00 f 0 5 9  
0.00 f 0.65 

NC 

0.02 i 0.79 
0.32 t 0.77 
0.00 t 0.64 

NC 
0.0 +_ 0.7 

NC 

05 f 1.1 
NC 
PS 

3rd Quartcr 

Ps 

0.0 f 0.7 
-0.1 c 1.3 
-0.24 2 0.65 

05  t 1.8 
NA 

0.0 f 1.1 
-0.1 t 1.0 
0.42 t 0.81 

0.10 f 0.69 
PS 

0.05 i 055 
-0.32 i 0.68 
0.15 f 0.98 

-0.3 f 15 
PS 
PS 

0.14 t 0.73 
0.1 1 f 0.76 

-0.32 t 0.97 
0.6 r 1.4 

-0.3 f 2.8 
-0.32 f 0.60 

-0.23 ?: 0.59 

0.0 f 0.6 

PS 

PS 

PS 
PS 
Dry 
PS 

-0.32 t 0.55 
PS 

0.00 t 0.46 
0.0 f 1.1 

-0.13 f 0 5 8  
-0.3 t 1.4 

NC 

PS 
-0.32 t 0.46 
-0.30 f 0.6 I 

-0.3 t 1.6 
NA 

0.20 2 0.07 
PS 

0.2 t 15 
NA 
PS 

4th Quartcr 

0.00 t 0.07 

0.01 f 0.09 
0.00 t 0.16 

PS 

0.00 f 0.20 
0.00 t 0.15 

0.00 f 0.17 
Dry 

0.04 +_ 0.09 

0.00 t 0.10 

0.00 f 0.18 
0.00 t 0.14 
0.05 f 0.11 
0.00 t 0.15 

Dry 
Dry 

0.06 t 0.14 
0.00 t 0.14 

Dry 
0.06 t 0.12 

PS 
0.00 f 0.17 

Dry 
PS 

0.00 t 0.20 

PS 
PS 

Dry 
0.00 c 0.18 
0.00 t 0.16 

PS 
0.00 t 0.1 1 

PS 
0.00 t 0.17 
0.00 f 0.14 
0.08 f 0.10 

PS 
PS 

0.00 t 0.14 
0.00 f 0.15 

NA 
Dry 
N A  

Dry 
NA 
Dry 

Dry - Wcll was d r y ;  
N A  - Data not available at this timc. 
PS -Partial sample was collected; not enough water was available to s;l~nplc. 
NC - Wcil was not installed at this time. 
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RFP-ENV-87IMONITORING DATA: COLLECTION, ANALYSES, AND EVALUATION 

TABLE 17. 1987 Groundwater Quarterly Sampling Program Plutonium-239, -240 (X 1=0-9 pCi/mK) (Continued) 

Well 

14-86 
14-87 

15-86 
15-87 

16-86 

17-86 
17-87 
18-86 
18-87 
19-86 

19-87 
20-86 
20-87 
21-86 
21-87 

22-86 
22-87 
23-86 
23-87 
24-86 
24-87 
25-86 
25-87 
26-86 

27-86 

- 

16-74 

16-87 

22-74 

26-87 

2747 
28-86 
2887 
29-86 
29-87 
30-86 

30-87 

31-87 
32-86 

32-87 
33-86 
33-87 
34-86 

34-87 
35-86 
35-87 
36-86 
36-87 

31-86 

1st Quarter 

12 t o 9  
NC 

0.00 t 055 
NC 

Dry 
0.3 i 1.1 

NC 
0.0 f 0.97 

NC 
Dry 
NC 

0.3 t 1.0 

NC 
Dry 
NC 

0.73 f 0.96 
NC 

0.00 f 0.63 
4.6 i 2.3 

NC 
Dry 
NC 
Dry 
NC 

0.08 t 0.80 
NC 

0.18 f 0.95 
NC 

0.00 t 0.79 
0.00 i 0.94 

NC 
0.0 i 1.4 

NC 

NC 
Dry 

0.0 i 3.8 
0.0 t 1.9 

NC 

NC 
0.0 t 1.3 
024  f 0.70 

NC 
Dry 
NC 

0.00 f 0.92 
0.0 t 15 

NC 
(3.24 t 0.89 

NC 
PS 
NC 

Dry 

2nd Quarter 

0.0 t 0.8 
NC 

0.00 t 0.69 
NC 

Dry 
0.00 t 0.66 

NC 
0.6 i 15 

NC 

NC 
Dry 

0.0 t 1.2 
0.00 t 0.61 

NC 
Dry 
NC 

0.00 f 0.67 
NC 

0.00 t 0.70 
0.6 t 1.0 

NC 
PS 
NC 
Dry 
NC 

0.00 I 0.79 
NC 
Dry 
NC 

0.5 t 0.7 

NC 
0.15 f 0.72 

NC 
Dry 
NC 

0 . O O i  055 

NC 
Dry 
NC 

0.00 i 0.67 

NC 
Dry 
NC 

0.98 i 0.99 

NC 
0.0 i 0.72 

NC 
PS 
NC 

3rd Quarter 

0.25 t 0.82 
NA 
NA 

NA 
PS 

NA 

NA 
PS 
NC 
PS 

0.85 fr 0.76 
NA 
PS 
NC 

NC 

-0.32 t 0.46 

-0.03 f 0.21 

4 . 0 3  t 0.17 

-0.06 f 0.66 

-0.23 f 0.93 
-0.32 t 0.85 

NA 
PS 
PS 
PS 
NA 

0.29 i 0.77 
PS 

0.07 _+ 0.58 
NC 
NA 

NA 
PS 
NA 
PS 
NC 

-0.2 _+ 1 . 1  

NC 
PS 
NA 

0.2 t 1.0 

NA 
PS 
NA 

-0.06 i 0.72 

NA 

NA 
PS 
NA 

-0.32 t 0.96 

Dry -Well was dry.  
NA - Data not available at this thnc. 
PS -Partial saniplc was collcctcd; not cnough watcr was availablc to sanlplc. 
NC - Well was not installed at this timc. 

% 

4th Quartcr 

0.00 t 0.37 
0.00 f 0.15 

0.00 t 0.24 
0.00 t 0.16 

Dry 
0.00 t 0.18 
0.05 t 0.09 
0.00 f 0.37 

NA 
Dry 
NC 

0.00 f 0.15 

NA 
Dry 
PS 

0.00 f 0.17 
NA 

0.00 i 0.12 
0.00 f 0.16 

NA 
0.00 2 0.16 

NA 
Dry 
NA 

0.00 f 0.24 
NA 
Dry 
NA 

0.00 f 0.16 

NA 
Dry 
NA 
Dry 
NA 

0.00 t 0.37 

NA 
Dry 
NA 
NA 

NA 
Dry 
NA 
NA 

NA 
NA 
NA 

NA 
Dry 
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TABLE 17. 1987 Groundwatcr Quarterly Sainpling Prograin Plutonium-239, -240 (X 1 O-’ pCi/mQ) (Continued) 

Well -- 
37-86 
37-87 
38-86 
39-86 
39-87 

41-86 

41-87 
42-86 
42-87 
43-86 

44-86 
44-87 
45-86 

46-86 

47-87 
48-86 
48-87 
49-86 
49-87 
50-86 
50-87 
5 1-86 

52-86 

40-86 
40-87 

4387 

45-87 

47-86 

5 1-87 

52-87 
5 3-87 
54-86 

54.87 
55-86 

55-87 
56-86 
5 c 4 7  
5’7-36 
53-86 
59-87 
59-86 

59-87 
60-87 
61-86 
62-86 

63-86 
63-87 

6287 

1st Quartcr - .- -- 
Dry 
NC 
NA 

0.00 t 0 5 7  
NC 

0.24 f 0.73 
NC 

0.00 f 0.85 

NC 
0.12 t 0.48 

NC 
0.23 2 059 

NC 
0.00 c 055 

NC 
4.7 f 1.8 

NC 
0.00 t 0.77 
0.08 0.7! 

NC 
0 0  I 1.1 

NC 
0.0 t 2.2 

NC 
1.0 f 1.0 

NC 
0.0 f. 0.71 

NC 
0.12 t 0.67 

NC 
Dry 

0.0 c 1.1 

NC 
0.03 c 0.65 

NC 
0.28 t 0.70 

NC 
0.00 f 0.94 

Dry 
NC 

0.9 c 1 .1  
0.00 f 0.84 

NC 
NC 

0.40 t 0.69 
0.0 ? 1 .1  
0.0 f. 1.; 

NC 
Dry 
NC 

tfid .@+Le! 
Dry 
NC 

2.6 f l . 2  
0.21 t 0.73 

NC 
Ps 
NC 
NA 

NC 
0.0 t 0.55 

PS 
0.00 t 0.65 

.F!C 
0.0 f 0.: 

NC 
0.00 t 0.68 

NC 
0.0 t 0.7 
0.0 I 0.7 

NC 
0.03 t 0.63 

NC 
0.42 t 0.82 

NC 

‘ NC 
0.3 i 0.8 
0.3 2 0.8 

0.3 7 0.7 

/ 0.0 t 0.67 

NC 

NC 
Dry 

0.008 t 0.75 

NC 
0.07 t 0.82 

NC 
0.003 r 0.76 

NC 
Dry 
Dry 
NC 

0.00 t 0.64 

NC 
NC 

0.00 f 0.74 
0.04 * 0.76 

NC 
Dry 
NC 

3rd Quarter 

PS 
NC 

PS 
NC 
PS 
PS 

1.9 ? 8.8 

-0.04 t 0.66 

NA 
0.36 0.74 

Ps 
-0.20 t 0.85 

NC 
-0.32 t 0.49 

NA 
0.10 t 0.86 

NC 
0.01 t 0.92 
0.1 1 t 0.78 

NC 
-0.32 i 0.78 

NC 

NC 

NC 

-0.32 f 0.64 

-0.32 t 0.65 

-1.6 t 6 . 0  

NC 

NC 
PS 

PS 
NC 

PS 
NA 

0.00 f. 0.46 
NC 
PS 
PS 
NC 

0.07 t 0.71 

UC 
NC 

0.3 t 1.3 
0.06 t 0.71 

NC 
PS 
NC 

1.8 c 1.3 

-0.08 t 0.60 

-0.14 ~t 053 

4th Quartcx 

Dry 
Dry 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
Dry 

0.00 t 0.16 
NA 
NA 
NA 
NA 

0.00 f 0.12 
-0.03 t 0.04 
0.11 f. 0.14 

NA 
0.00 t 0.14 

PS 
0.00 f 0.18 

NA 
0.00 c 0.10 

PS 
0.00 2 0.14 

NA 
0.00 t 0.03 
0.00 f 0.28 

PS 
0.00 i 0.22 

PS 
0.00 t 0.06 

NA 
0.00 e 0.05 

Dry 
PS 
PS 
NA 

0.07 t 0.12 

NA 
NA 
PS 

0.04 t 0.09 

Dry 

NA 
PS 
N A 

Dry - Well WPS dry. 
NA - Data not availablc at this tiinc. 
PS - Partial sample was collcctcd; not cnough water \vas availablc to sainplc. 
NC -Well was not installcd at  this tiiiic. 
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TABLE 17. 1987 Groundwater Quarterly Sampling Prograin Plutoniuo-~-239, -240 (X 1 0-9 pCi/mB) (Continued) 

Well 

64-86 
64-87 
65-86 

- 

65-87 
66-86 
66-87 
67-86 
67-87 
68-86 
68-87 
69-86 
70-86 
70-87 
7 1-87 
72-87 
WS-01 
ws-02 

1st Ouarter 2nd Ouarter 

0.2 f 1.1 
NC 

0.00 i 0.65 

NC 
0.00 t 055 

NC 
0.00 t 0.74 

NC 
0.00 t 0.85 

NC 
0.0 t 2.1 
0.00 t 0.61 

NC 
NC 
NC 
NA 
NA 

Dry 
NC 

0.16 t 0.78 

NC 
0.00 t 0.63 

NC 
0.00 t 0.62 

NC 
0.00 t 0.64 

NC 
0.0 t 0 . 6  
0.00 t 0.88 

NI: 
NC 
NC 
NA 

0.03 5 0.74 
0.00 t 055 

3rd Quarter 

PS 
NC 
PS 

-0.03 t 0.16 
NC - 
PS 
NC 

0.25 t 0.80 
NC 

-0.25 t 0.66 
NC 

-0.02 t 0.69 
-0.05 t 050 

NC 
NC 
NC 

-0.13 t 0.69 
0.13 t 0.83 

1987 Summary 

Mininium Value: -1.6 -t 6.0 (Well 5 1-86 Quarter 3) 
Maniniuni Value: 4.7 t 1.8 ( W e l l 4 5 8 6  Quarter 1)  

Dry - Well was dry. 
NA - Data not available at this time. 
PS -Partial sample was collcctcd; not enotigh water was availablc to sa111plc. 
NC -Well was not installed at this tiiiic 

4 th  Quarter 

Ps 
NA 
PS 

NA 
Dry 
NA 
Dry 
NA 
Dry 
NA 

0.00 t 0.22 
0.00 t 0.17 

NA 
NA 
NA 

0.00 t 0.14 
PS 
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TABLE 18. 1987 Groundwater Quarterly Sampling Program Americium-241 (X lo-' pCi/mll) 

Well 

1-71 

- 

1-74 
1-8 1 
1-86 
1-87 
2 6 0  
2-7 I 

2-8 1 
2-86 
2-87 

3-74 

3-82 
3-86 
3-87 

4-60 
4-8 1 
4-86 
4-87 
5 -82 
5-86 
5-87 
6-8 1 
6-82 
6-86 
6-87 

7-74 

7-8 1 
7-82 
7-86 
8-8 1 
8-86 
8-87 
9-74 

9-8 1 
9-86 
9-87 

10-74 
10-8 1 
10-86 
10-87 
11-86 

11-87 
12-86 
12-87 
13-86 

1st Quarter 

0.0 f 1.8 
0.0 f 2.6 
0.0 * 1.2 
0.0 f 1.2 
0.0 f 1.3 

NC 
Ps 

0.4 f 4.0 
0.0 f 3.7 
0.8 f 1.8 
0.80 f 0.96 

NC 

0.0 f 3.2 

0.0 f 1.8 
0.0 f 2.2 

NC 

NA 
PS 

Dry 
0.0 f 2.6 
0.0 t 1.2 
0.0 t 1.3 

NC 
PS 

PS 
NC 

0.0 t 2.6 

0.0 i 1.2 

PS 
Dry 
Dry 
N A  

NC 
NA 

0.0 t 1.2 

0.0 f 3 5  
0.0 f 1.3 
0.0 f 1.2 

NC 
Dry 

0.0 f 1.2 
0.0 t I5 

0.0 c 2.7 
NC 

NC 

NC 
PS 

0.0 f 1.8 

2nd Quarter 

0.0 f 1.3 

0.0 f 1.2 
0.0 f 1.3 
0.0 f 1.2 

Dry 
PS 

0.0 f 12 

0.0 f 2.3 
0.0 f 1.7 
0.0 f 6.0 

PS 
0.0 _+ 1.2 

0.0 f 1.2 
0.1 f 15 

PS 
0.0 f 4.1 
0.0 f 1.4 

Dry 
Dry 
W 

0.0 f 1.8 
NA 

0.0 t 3.0 
0.0 f 1.6 
0.0 t 1.2 

PS 
NC 

0.0 t 1.2 

PS 
Dry 
Dry 

0.0 f 1.5 
0.0 f 1.2 
0.0 t 15 
0.0 f 1.2 

0.0 f 1.2 
0.0 f 1.2 

NC 
0.0 f 1.2 
0.0 t 1.2 
0.0 t 1.3 

NC 
0.6 t 6.4 

NC 
0.4 t 15 

NC 
PS 

3rd Quarter 

1 5 0  f 1 5 0  

0.16 t 0 5 8  
0.0 t 1.0 

-0.04 f 0.18 
Dry 

-0.04 i 050 
NA 

0.14 t 0.37 
NA 

-0.04 r 0.75 

-0.04 20.28 
PS 

-0.04 t 0.3 
0.00 t 0.40 
0.25 f 0.32 

0.0 t 1.6 
PS 
PS 

0.70 t 0.86 
0.04 t 0.62 

NA 
-0.04 t 1.41 
-0.04 i 0.18 
-0.04 f 0.43 

PS 
-0.04 f 1.6 

PS 
0.13 c 0.35 

PS 
PS 

Dry 
PS 

-0.04 c 0.65 
PS 

-0.04 2 0.18 
NA 

0.16 t 0.38 
0.19 ?: 0.29 

NA 
PS 

-0.04 t o 5 6  
0.0 t 1.4 

Dry 
-0.04 c 0.81 

PS 
0.06 '1 0.05 

-0.4 t 5.0 
NA 
PS 

Dry - Wcll was d r y ,  
NA - Data not available at this time. 
PS - Partial sample was collected; not cnough water was available to samplc. 
NC -Well was not installed at this time. 

4th Quarter 

0.00 f 0.43 

0.00 f 0 5 8  
0.00 f 0.66 

PS 
Dry 
PS 

0.00 f 0.02 

N A  
Dry 

0.00 f 0.20 

0.00 t 0.08 

0.00 f 0.13 
NA 

0.00 f 0.08 

0.00 f 0.22 
Dry 
Dry 

0.02 * 0.07 
NA 
Dry 

0.00 f 0.12 
PS 

0.00 t 0.20 
Dry 
PS 

0.01 t 0.07 

PS 
PS 
Dry 

0.07 c 0.10 
0.02 f 0.10 

PS 
0.00 ?: 0.03 

PS 
0.00 f 0.21 
0.00 f 0.12 
0.00 f 0.06 

PS 
0.00 t 0.47 

NA 
Dry 
Dry 

Dry 

Dry 

N A  

NA 
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TABLE 18. 1987 Groundwater Quarterly Sampling Program Americium-241 (X I 0-9 pCi/mP) 

well 

14-86 

14-87 
15-86 
15-87 

- 

16-74 
16-86 
16-87 
17-86 
17-87 
18-86 
18-87 
19-86 

19-87 
20-86 
20-87 
21-86 
21-87 

22-86 
22-87 
23-86 
23-87 
24-86 
24-87 
25-86 
25-87 
26-86 
26-81 
27-86 
27-87 
28-86 
28-87 

29-87 
30-86 

30-87 
31-86 

32-86 

32-87 
33-86 
33-87 
34-86 
34-87 
35-86 
35-87 
36-86 
36-87 
37-86 
37-87 

22-74 

29-86 

31-87 

1 st Quartcr 

0.0 f 12 

- 

Ps 
NC 

NC 
0.0 f 2.1 

Dry 
0.4 t 1.6 

0.0 f 1 5  
NC 

NC 

NC 
Dry 

0.0 f 2.0 

NC 

NC 

NC 
NA 

NC 
NA 
NC 

NC 

NC 
NA 
NC 

NC 

NC 

NC 

Dry 

0.0 t 1.4 

0.0 f 1.8 

Dry 

0.0 ? 8.4 

0.2 t 1.9 

0.0 t 5.4 

Dry 

0.0 t 1.2 
1.1 f 9.9 

NC 

NC 
Dry 

0.0 i 1.2 
0.0 f 1.8 

NC 
Dry 
NC 

NC 

NC 
PS 
NC 
Dry 
NC 

0.0 2 2.2 

0.0 2 1.3 

2nd Quartcr 

0.0 t 12 

NC 

NC 
0.0 t 1.3 

Dry 
0.0 t 1.3 

NC 
0.0 f 1 2  

NC 
Dry 
NC 

0.0 t 1.4 
0.0 t 1 5  

NC 
Dry 
NC 

0.0 f 1.8 
NC 

0.0 t 1.2 
0.0 f 15 

NC 
PS 
NC 
Dry 
NC 

0.0 f 1.3 
NC 
Dry 
NC 

0.2 i 1.2 
NC 

0.0 i 1.2 
NC 
Dry 
NC 

0.0 +_ 1.3 

NC 
Dry 
NC 

0.0 f 1.2 

NC 
Dry 
NC 

0.0 f 1.8 
NC 

0.0 t 1.2 
NC 
PS 
NC 
Dry 
NC 

3rd Ouarter 

0.04 i 0.40 

NA 
0.05 f 0.74 

NA 

PS 
0.10 f 0.33 

NA 
-0.04 t 0.67 

NC 
PS 
NA 
PS 

-0.04 t 0.18 
NA 
PS 
NC 

-0.04 f 0.23 
NC 

1.4 t 5.2 
-0.04 f 0.18 

NC 
PS 
NA 
PS 
NA 

-0.04 t 0.18 
NA 

-0.04 t 0.60 
NC 
NA 
NC 
PS 
NC 
PS 
NC 

-0.04 t 0.96 

NC 
PS 
NC 

-0.04 f 0.26 

NC 
PS 
NA 

-0.4 t 5.5 
NA 

0.9 t 6.7 
NA 
PS 
NA 
PS 
NC 

Dry - Wcll was dry. 
NA - Data not availablc at this time. 
PS -Partial saniplc was collcctcd; not cnough watcr was availablc to sample. 
NC -Well was not installcd at this time. 

4th Quartcr 

0.00 f 0.13 

0.00 f 0.22 
0.00 f 0.18 
0.00 t 0.25 

PS 
Dry 
NA 

0.01 t 0.07 
0.00 t 0.41 

NA 
Dry 
NA 

0.1 I t 0.16 

NA 
Dry 
PS 

0.00 -+ 0.13 
NA 

0.00 2 0.44 
0.16 f 0.18 

NA 
0.01 c 0.1 1 

NA 
Dry 
NA 

0.00 t 0.10 
NA 
Dry 
NA 

0.00 t 0.69 
NA 
Dry 
NA 
Dry 
NA 
NA 

0.17 _c 0.12 
Dry 
NA 

0.00 t 0.14 

NA 
Dry 
NA 

0.00 t 0.09 
NA 

0.00 t 0.31 
NA 
Dry 
NA 
Dry 
NA 
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TABLE 18. 1987 Groundwater Quarterly Sampling Program Americium-241 (X 1 O4 pCi/mP) 

Well 

38-86 
38 4 7  
39-86 

29-87 
40-86 
40-87 
41-86 
41-87 

42-86 

42-87 
43-86 
43-87 
44-86 
44-87 
45-86 
45-87 
46-86 

47-86 
47-87 
48-86 
48-87 
49-86 
49-87 
50-86 
50-87 
51-86 

5 1-87 
52-86 
52-87 
5 3-86 
5 3-87 
54-86 

54-87 
55-86 
55-87 
56-86 
56-87 
57-86 
58-86 
58-87 
59-86 

59-87 
60-87 
61-87 
62-86 

62-87 

63-87 

- 

63-86 

1st Quarter 

0.0 t 8 5  

0.0 t 2.6 
NC 

NC 

NC 
NA 
NC 

1.0 t 4.6 

0.3 t 4.2 

NC 

NC 

NC 

NC 

0.0 t 1.4 

0.0 t 1.3 

0.0 t 1.4 

0.0 t 1.4 

0.0 t 15 

0.0 +_ 2.3 

0.0 t 4.4 

0.0 i 2.0 

0.0 t 1.2 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

0.0 t 2.1 

Dry 

0.0 t 12 

NC 

NC 

NC 

0.0 2 4.2 

0.0 F 1.3 

0.0 t 2 5  
Dry 
NC 

0.0 +_ 1.3 
0.0 F 1.6 

NC 
NC 
NC 

0.0 i 1.3 
0.0 + 1.4 

NC 

NC 
Dry 

2nd Quarter 

0.7 F 1.8 
NC 

0.0 t 12 

NC 
PS 
NC 

0.0 f 12 
NC 

0.00 t 0.12 

PS 
0.00 t 0.12 

' NC 
0.0 t 1.7 

NC 
0.0 t 15 

NC 
0.0 t 1.2 

0.0 f. 1.2 
NC 

0.0 +_ 1.2 
NC 

0.0 t 1.3 
NC 

0.0 t 1.2 
NC 

0.0 t 1.3 
0.0 t 1.3 

NC 
0.0 +_ 1.2 

NC 
Dry 
NC 

0.9 f 3.7 

NC 
0.0 t 1.2 

NC 
0.0 t 1.2 

NC 
Dry 
Dry 
NC 

0.0 f. 1.3 

NC 
NC 
NC 

0.0 t 12 

NC 

NC 
Dry 

3rd Quartcr 

NA 
NC 
PS 

0.38 2 0.53 
NA 
Ps 
PS 

0.27 t 0 5 7  
NA 
PS 

0.0 t 2.8 
PS 
PS 

0.11 t 0.32 
NC 

0.0 f 1.5 
NA 

0.69 t 0.91 
NC 

-0.04 t 0.38 

-0.04 t0 .82  
NC 

0.03 t 0.37 
NC 

0.03 _c 0.45 
NC 

-0.04 F 0.43 
NC 

-0.04 t 0.47 

NC 
NA 
NC 
PS 
NC 

-0.04 ?: 0.60 

NC 
-0.04 t 0.44 

PS 
-0.04 t o 5 9  

NC 
PS 
PS 
NC 
NA 

NC 
NC 
NC 

0.0 F 0.6 

NC 
PS 
NC 

Dry -Well  was dry. 
NA - Data not available at this timc. 
PS -Partial sample was collcctcd; not enough water was availablc to samplc. 
NC -Well was not installed at this timc. 

4th Quarter 

Dry 
NA 

0.00 t 0.10 

NA 
0.00 + 1.6 

Dry 
0.00 2 0.15 

NA 
0.00 F 0.32 
0.00 t 0.06 

NA 
Dry 
NA 
NA 

0.00 t 0.80 
NA 

0.00 t 0.44 
0.0 t 1.4 

-0.020 t 0.037 
0.24 F 0.71 
0.00 t 0.05 

PS 
0.00 t 0.43 

PS 
NA 
NA 

0.00 t 0.19 
NA 

0.00 f. 0.19 
PS 
NA 

0.00 t 0.02 
0.00 t 0.33 

PS 
PS 

0.00 +_ 0.34 

PS 
PS 

0.00 f. 0.16 
0.00 F 0.17 

Dry 
PS 
PS 
NA 

0.03 t 0.11 

NA 
NA 
NA 

0.00 i 0.03 

NA 
PS 
NA 
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TABLE 18. 1987 Groundwater Quarterly Sampling Program Americium-241 (X 1 O+ ,uCi/mP) 

- well 1st Quartcr 2nd Quarter 3rd Quartcr 4th Quartcr 

64-86 
64-87 
65-86 

65-89 
66-86 
66-87 
67-86 
67-87 
68-86 
68-87 
69-86 
70-86 
70-87 
7 1-87 
72-87 
ws41 
ws-02 

0.0 t 1.4 

0.0 t 1.3 
NC 

NC 

NC 

NC 

NC 

0.0 i 1.2 

0.6 f 1.4 

2.3 t 2.9 

0.0 5 1.3 
0.0 t 1.8 

NC 
NC 
NC 
NA 
NA 

Ps 
NC 

0.0 f 1.2 

NC 
0.0 f 1.3 

NC 
0.0 _+ 1.2 

NC 
0.0 t 1.2 

NC 
0.0 2 1.8 
0.0 fr I5 

NC 
NC 
NC 
NA 

0.0 fr 1.4 
0.0 _+ 1.7 

NA 
NC 
es 

0.02 t 0.32 
NC 
PS 
NC 

0.6 t 1.4 
NC 

0.26 t 0.61 
NC 

0.5 i2.5 
0.74 f 0.75 

NC 
NC 
NC 

0.0 _+ 2.4 
NA 

1987 Sumniary 

Minimum Value: -0.4 i 1.6 (Well 6-87 Quarter 3) 

Masirnuin Valuc: 2.3 t 2.9 (Wcll 68-86 Quartcr 1) 

Dry - Wcll was dry. 
NA - Data not available at this time. 
Ps -Partial sample was collected; not enough watcr was available to sdinpic. 
NC - Wcll was not installed at this time. 

PS 
NA 
PS 

NA 
Dry 
NA 
Dry 
NA 
Dry 
NA 

0.00 t 0.05 
0.00 t 0.34 

NA 
NA 
NA 

0.0 f 1.5 
PS 
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Well - 
1-7 1 

1-74 
1-81 
1-86 
1-87 
2-60 
2-71 

2-8 1 
2-86 
2-87 

3-74 

3-82 
3-86 
3-87 

4-60 
4-8 1 
4-86 
4-87 
5 -82 
5-86 
5-87 
6-8 1 
6-82 
6-86 
6-87 

7-74 

7-8 1 
7-82 
7-86 
8-8 1 
8-86 
8-87 
9-74 

9-8 1 
9-86 
9-87 

10-74 
10-8 1 
10-86 
10-87 
11-86 
11-87 

12-86 
12-87 

TABLE 19. 1987 Groundwater Quarterly Sampling 
Program Uranium-233, -234 

1st Quartcr 

5.4 f 1 2  
2.0 f 1.1 
1.6 f 1.4 
2.0 t 1.6 
1.2 f 1.0 

NC 

6.4 f 1.9 
6.1 i 2.4 
2.7 r 1.1 

26 f 6 

16 t 2 
NC I 

0.39 i 0.72 

0.46 f 0.70 
6 5  f 1.9 

NC 

12 i 3 
PS 
Dry 

0.0 t 0 5 3  
0.8 f 0.9 

NC 
PS 

4.6 i 1.2 
PS 
NC 

22 f 3 

0.88 t 0.83 

PS 
Dry 
Dry 

3.7 f 1.0 
0.00 t 0.45 

NC 
6.0 i 1.3 
6.3 i 2.3 
0.00 t 0.47 
1.8 f 1.4 

NC 
Dry 

0.04 f 0 5 6  
1.1 t 15 

NC 
5.8 i 2.0 

NC 

25 f 5 
NC 

2nd Quartcr 

4.9 f 1.1 

4.4 t 1.3 
3 2  f 1.0 
0 2 6  t 0.66 

Dry 
PS 

5.4 f 1.1 

2..2 f 1.1 
0.13 t 0.02 
9.6 f 2.6 

PS 
15 t 0.8 

0.0 f 0.5 
6.8 i 1.5 

PS 

0.24 t 0.04 
1 1  f 2 

Dry 
Dry 
Dry 

0.0 t 0.6 
PS 

0.14 i 0.03 
5.0 t 1.1  
8 9  I 1.4 

PS 
NC 

1.4 ? 0.8 

PS 
Dry 
Dry 

3.2 t 1.0 
0.18 i 0.61 
4.2 t 1.6 
8.4 r 1.4 

0.00 t 0 5 5  
2.2 f 1.0 

NC 
8.2 f 1.9 
0.00 t 0.57 
0.22 t 0.61 

NC 
6.0 f 1.7 

NC 

11 f 3 
NC 

3rd Quarter 

6.3 i 1.6 

-- 

2.0 1.3 
0.9 t 1.5 
0.0 ? 1.0 

Dry 
15.0 f 8.1 
10.9 t 2.4 

-0.2 i 1.5 
135 f 2.3 
8.9 f 2.4 

2.0 t 1.3 
PS 

0.1 r 1.3 
6.8 f 1.7 
0.0 i 1.1 

16.4 t 3.3 
PS 
PS 

26.8 f 3.2 
0.0 ? 1.2 

PS 
9.4 c 2.0 
3.4 i 1.4 
0.1 f 1.1 

PS 
29.3 r 3.9 

PS 
1.5 i 1.3 

PS 
PS 

Dry 
PS 

4.4 i 1.6 
PS 

-0.2 f 1.0 
12.0 _f 2.1 

-0.1 f 1.1 
1.9 t 1.5 

NC 
PS 

0.0 t 1.0 
0.4 i 1.3 

Dry 
-0.2 f 1.5 
9 5 0 +  0.98 

PS 
17.4 t 3.6 

NC 

Dry -Well was dry.  
NA - Data not available at this timc. 
PS -Partial sample was collectcd; not enough witcr was availablc to saniplc. 
NC -Well was not installcd at this timc. 

4th Quartcr 

2.0 f 0.3 

1.8 .t 0.8 
0.90 _+ 0.19 

PS 
Dry 

10 f 2 
8.0 t 0.7 

1.9 f 0.4 
Dry 

11.0 f 1.0 

2.3 f 0.4 

0.00 i. 0.09 
4.5 f 0 5  
1.6 t 0.2 

24 t 2 
Dry 
Dry 

0.00 i 0.09 
Dry 

12 i 1 
PS 

0.03 t 0.08 
Dry 
PS 

2.0 t 0.4 

PS 
PS 

Dry 
PS 

0.98 2 0.21 
PS 

9.2 i. 0.9 
PS 

0.0 t 0.7 
3.0 t 05  
0.61 f 0.19 

PY 
d.05 f 0.10 
0.11 0.09 

Dry 
Dry 
NA 

16 i 3 

Dry 
NA - 

i 
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TABLE 19. 1987 Grour;dwatcr Quarterly Sampling Program Uranium-233, -234 (X 1 O4 pCi/mU) (Continued) 

Wcll 

13-86 
14-86 

- 

14-87 
15-86 
15-87 

16-74 
16-86 

17-86 

18-86 
18-87 
19-86 

19-87 

16-87 

17-87 

20-86 
20-87 
2 1-86 
21-87 

22-86 

23-86 
23-87 
24-86 
24-87 

25 -87 
26-86 

22-74 

22-87 

25-86 

26-87 
27-86 

27-87 
28-86 
28-87 
29-86 
29-87 
3086 

30-87 

31-87 
31-86 

32-86 

32-87 
33-86 

34-86 

34-87 

33-87 

35-86 
35-87 

1st Quarter 

Ps 
2.6 f 1.9 

Ps 
NC 

NC 
24 t 4 

Dry 
1.0 * 0.8 

NC 

NC 
Dry 
NC 

2.4 t 1.3 

26 t 5 

NC 
Dry 
NC 

4.8 t 1.5 
NC 

3 5  t 0.9 
9.2 t 2.4 

NC 
NA 
NC 
Dry 
NC 

9.1 ? 2.6 
NC 

NC 
1.1 i 0 3  
1.8 c 1.7 

NC 

NC 
Dry 
NC 

32 i 6 

211 t 25 

370 t. 250 
19 t 42 

NC 
Dry 
NC 

2.4 f 1.1 
1.3 t 0.8 

NC 
Dry 
NC 

0.00 i 0.45 
1.7 i 2.2 

NC 
5.2 f 2.4 

NC 

2nd Quartcr 

Ps 
13 t 2 

NC 
1.7 * 0.9 

NC 

Dry 
0 5 6  f 0.69 

NC 
3.7 f 1.2 

NC 
Dry 
NC 

0.96 +_ 0.72 
4.1 f. 1.4 

NC 

NC 
1.8 c 0.9 

NC 
0.79 t 0.94 
9.1 t 1.8 

NC 
PS 
NC 
Dry 
NC 

2.3 t 0.9 
NC 
Dry 
NC 

1.7 c 0.9 

Dry 

NC 

NC 
Dry 
NC 

1000 t 300 

I50 t 50 

NC 
Dry 
NC 

0 5 7  t 0.73 

NC 

NC 
0.39 t 0.85 

Dry 

NC 
6.0 c 1.9 

NC 

3rd Quarter 

Ps 
1.6 t 1.5 

NC 
16.1 t 2.4 

NC 

PS 
2.3 * 1.8 

NC 

NC 
PS 
NC 
Ps 

5.4 i 1.6 
NC 
PS 
NC 

2.4 t 1.6 
NC 

5.3 f 1.7 
5.8 t 1.9 

NC 
PS 
NC 
PS 
NC 

1 . 4 +  1.7 
NC 

34.2 f 4.8 
NC 
NA 

24.8 t 4.4 

NC 
PS 
NC 
PS 
NC 

139.6 i 21.1 

NC 
PS 
NC 

0.6 i 1.3 

NC 
PS 
NC 

1.4f 1.3 

NC 
4.8 i 1.7 

NC 

Dry - Wcll was dry. 
NA - Data not available at this tiinc. 
PS -Partial samplc was collected; not enough water was availablc to sarnple. 
NC -Well was not installed at this tinic. 

4th Quartcr 

Dry 
NA 

0.00 +_ 0.07 
NA 

0.97 t 0.21 
PS 

Dry 
0.63 t 0.33 
3.7 .c 0.5 

NA 
Dry 
NA 

55 t 0.6 

23 t 3 

NA 
Dry 
PS 

1.2 * 0.3 
NA 

3.6 f 0.4 
5.6 2 OS 

NA 
2.7 t 0.4 

NA 
Dry 
NA 

6.6 t 1 .1  
NA 
Dry 
N A  
NA 

NA 

NA 
Dry 
NA 

Dry 

160 f 34 

0.34 t 0.12 
Dry 
NA 

0.89 t 0.21 

N A 
Dry 
NA 

n.66 0.23 

NA 
3.0 1 0.5 

NA 
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TABLE 19. 1987 Groundwater Quarterly Sampling Program Uranium-233, -234 (X pCi/mQ) (Continued) 

Well - 
36-86 
36-81 

1st Quarter 

Ps 
NC 

2nd Quarter 

Ps 
NC 

3rd Quarter 
Ps 
NC 

Ps 
NC 
PS 
NC 

PS 
NC 
NC 
PS 

NA 
Ps 

PS 

PS 
NC 

NC 

NC 

2.8 f 1.3 

1.6 f 1.2 

2.8 t 1.4 

1.2 i 1.2 

2.0 I 1 5  

2.0 I 15 

3.9 i 1.6 

4th Quarter 

Dry 
NA 
PS 
Dry 
NA 
Dry 
NA 

2.1 t 0.4 

37-86 
31-81 
38-86 
38-81 
39-86 

Dry 
NC 

NC 
3.2 * 2.4 

90 t 11 

Dry 
NC 

NC 
1.8 f 0.8 

60 t 6 

39-81 
40-86 
40-81 

41-87 
41-86 

NC 

NC 
3.1 t 1.2 

NC 

10 f 2 
NC 
Ps 
NC 

2.0 0.9 
NC 

NA 
6.1 t 0.8 

Dry 
3.0 f 0.4 

NA 

1.9 t 0.3 
Dry 
NA 

42-86 
42-81 
43-86 

2.7 * 1.2 
NC 

2.6 f 1.1 

1.4 f 0.8 
PS 

1.7 t 0.8 

20 t 4 
1.9 i 0.3 

NA 
0.00 f 0.06 
2.1 f 0.4 
4.244 k 0.669 
2.6 k 0.4 
0.15 t 0.09 

PS 
0.77 t 0.17 

PS 
0.13 t 0.09 

NA 
0.23 t 0.12 

PS 
0.10 t 0.10 

PS 
N A  

0.04 t 0.07 

PS 
PS 
PS 

21 f 2 

1.4 t 0.3 

43-87 
44-86 
44-87 
45-86 
4541 
46-86 

NC 
0.76 t 0.85 

NC 
1.5 * 1.1 

NC 
5.7 i 1.2 

NC 
8 5  t 7.5 

NC 
0.00 t 0.59 

NC 
4.0 t I .4 

41-86 
41-87 

49-86 
49-81 
50-86 
50-87 

48-86 
48-87 

5 1-86 

0.00 i 0 5 3  
NC 

4.4 t 5.1 
NC 

0.00 t 0.91 
NC 

2.5 F 1.2 
NC 

0.22 f 0.61 

0.00 t 0.59 
NC 

1.8 i 0.8 
NC 

3 5  r 0.9 
NC 

0.08 i 0.65 
NC 

0.00 i 0.06 

0.4 i 1.4 

0.8 f 1.5 

0.9 i 1.4 

NC 

NC 

NC 
NA 
NC 

-0.4 t 1.1 

5 1-81 
52-86 
52-87 

NC 

NC 
0.09 t 0.64 

NC 
0.0 t 0 5  

NC 

NC 

NC 
0.0 f 1.1 

5 3-86 
5 3-87 
54-86 

Dry 
NC 

0.19 t 0.06 

Dry 
NC 

0.4 t 1.0 

PS 
NC 

PS 
NC 

Ps 
NC 

NC 
PS 

2.4 t 1.3 

0.3 t 1.1 

0.8 t 1.1 

54-87 
55-86 

NC 
1.5 t 0.9 

NC 
0.31 t 0.67 

PS 
0.00 z 0.06 

PS 
0.04 t 0.13 

Dry 
PS 

55-87 
56-86 
56-87 
57-86 

NC 
0.34 i 0.69 

NC 
8.7 f 1.9 

PS 
Dry 
NC 

15 i- 2 
11.00 t 0.03 

NC 
0.00 t 0.85 

NC 
Dry 

PS 
NA 

10 t 1 

58-86 
58-87 
59-86 

Dry 
NC 

15 t 2 

PS 
NC 

13.1 t 2.2 

Dry - Well was dry. 
NA -Data not available at this time. 
PS -Partial sample was collcctcd; not cnough watcr was availablc to sanqile. 
NC - Well was not installod at this timc. 
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TABLE 19. 1987 Groundwater Quarterly Sampling Program Uranium-233, - 2 3 4  (X pCi/mV) (Continued) 

3rd Quartcr 4th Quartcr - Well 1 st Quartcr 2nd Quartcr 

60-87 
6186 

6187 
62-86 

62-87 

63-87 
6386 

64-86 
64-87 
65-86 

65-87 
6686 
66-87 
67-86 
67-87 

68-87 

70-86 

71-87 
72-81 

68-86 

69-86 

70-87 

WS-01 
ws-02 

NC NC NC 
3.7 t 1.3 2.5 _+ 1.0 3.6 _+ 1.4 
3.3 i 1.3 

NC NC NC 
0.6 * 1.6 3.4 i 1.2 4.3 * 1.4 
4.9 _+ 1.3 

NC NC NC 

NC NC NC 
1.7 ? 1.0 PS NA 

NC NC NC 
3.6 t 1 . 1  4.0 _+ 1.1 PS 

NC NC NC 
0.00 t_ 0 5 4  0.40 t_ 0.71 PS 

NC NC NC 
3 5  _+ 1.2 3.4 5 1.1 1.6 * 1.3 

NC 
4.2 i 2.1 0.12 0.66 0.0 t 1.0 

NC NC NC 
12 i 3 10 * 2 9.1 f 1.9 
0.00 _+ 058 0.45 i 0.83 0.4 * 1.0 

NC NC NC 
NC NC NC 
NC NC NC 
NA NA 1 . 1  t 1.4 
NA 0.00 i 0.57 10.4 t 2.4 

Dry Dry Ps 

4.2 i 1.9 

2.4 t 0.9 

1987 Sunimary 

Minimum Valuc: -0.4 5 1.1 (Wcll5 1-86 Quartcr 3) 

Masiniuni Valuc: 1000 _+ 300 Well 28-86 Quartcr 2) 

Dry - Well wasdry.  
NA - Data not availablc a t  this timc. 
PS -Partial sample was collcctcd; not cnough water was availablc t o  samplc. 
NC - t4cll was not installed at this time. 

NA 
PS 

NA 
4.0 t 0 5  

NA 
PS 
NA 
PS 
NA 
PS 

NA 

NA 
Dry 

Dry 

Dry 
NA 

8.4 i 0.9 
0.29 t 0.17 

NA 
NA 
N A  

0.00 t 0.10 
NA 
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Wcll 

1-71 

1-74 
1-8 1 
1-86 
1-87 
2 6 0  
2-7 1 

2-81 
2-86 
2-87 

3-74 

3-82 
3-86 
3-87 

4 6 0  
4-8 1 
4-86 

5-82 
5-86 
5-87 
6-8 I 
6-82 
6-86 
6-87 

1-74 

7-8 1 
7-82 
7-86 
8-8 1 
8-86 
5-87 
9-74 

9-8 1 
9-86 
9-87 

10-74 
10-81 
10-86 
10-87 
11-86 
11-87 
12-86 
12-8? 
13-86 

4-87 

TABLE 20. 1987 Groundwater Quarterly 
Sampling Program ~raniuni-238 (X 10-~  pCi/mQ) 

1st Quarter 

3.3 t 0.8 
1.9 t. 1.1 
1.6 c 1.1 
2.2 e 2.0 
2.3 t 1.1 

NC 
17 f 4 
4.7 f 1.6 
1.6 c 1.9 
2.6 * 1.0 

13 e 2 
NC 

0.68 t 0 5 9  

0.33 c 0 5 4  ’ 

3.9 f. 1.6 
NC 

6.2 i 1.8 
PS 
Dry 

14 ?: 3 
0.00 t 0.41 
0.49 t 0.06 

NC 
PS 

PS 
MC 

9.1 t 1.7 

0.84 c 0.66 

PS 
Dry 
Dry 

3.3 t 0.8 
0.00 c 0.75 

NC 
5.0 t 1.1 
2.9 t 2.1 
0.00 t 0.25 
0.28 t 0.97 

NC 

Dry 
0.12 t 0.40 
4.3 f 1.9 

NC 
5.2 i 1.8 

NC 
20 + 5 

NC 
PS 

2nd Quarter 

2.8 f 0.8 

1.8 t 0.8 
1.6 f 0.7 
0.90 t 0 5 6  

Dry 
Ps 

3.4 t 0.8 

15 c 0.8 
0.11 t 0.02 
6.3 i 1.9 

Ps 
1.8 t 0.7 

0.3 t 0.4 
4.9 i 1.2 

PS 

0.12 t 0.03 
Dry 
Dry 
Dry 

0.09 e 0.41 
NA 

9.1 F 2.2 
4.8 i 1.0 
7.4 t 1.2 

PS 
NC 

11 c 2 

0.3 t 0.5 

PS 
Dry 
Dry 

4 5  t 1.0 
2.3 t 5.4 
4.7 c 15 
7.7 t 1.3 

0.09 I 0.42 
0.3 t 0.5 

NC 

4.2 5 1.3 
0.17 t 0.42 
0.05 t 0.38 

NC 
6.8 c 1.8 

NC 

NC 
PS 

13 r 3 

3rd Ouartcr 

4.1 c 1.1 

2 5  0.8 
0 5  c 1.1 

-0.2 t 0 5  
Dry 

15.7 f 7.9 
7.9 2 1.8 

1.0 f I.3 
13.4 f 2.1 
3.7 c 1.4 

1.8 t. 0.8 
PS 

1.5 t 1.3 
5.3 * 1.3 
0.3 t. 0.7 

10.1 1. 2.4 
PS 
PS 

17.4 t 2.3 
-0.3 f. 1.0 

NA 
5.9 * 1.5 
4.0 * 1.1 

-0.2 c 0.6 
PS 

25.3 t 3.4 
PS 

1.3 ? 0.9 
PS 
PS 
Dry 
PS 

4.6 t. 1.4 
PS 

-0.3 f. 0 5  
8.1 c 15 

0.1 t (1.7 
5.3 c 2.0 

NC 

PS 
-0.3 t 0.6 
4.5 f. 15 

Dry 
-0.3 t 1.2 
6.5 i 0.7 

15.1 t 3.3 
N A  
PS 

Dry -Well was dry,. 
NA - Data not availablc at this time. 
PS -Partial sample was collcctcd; not enough water was available to sample. 
NC - Wcll was not install4 at this timc. 

4th Quartcr 

1.7 t. 0.3 

2.0 c 0.8 
0.81 t 0.17 

PS 
Dry 

6.6 2 1.1 
5.2 f 0 5  

1.0 f 0.2 
Dry 

4 5  f 0 5  

1.4 c 0.3 

0.04 c 0.10 
3.8 c 0.5 
0.53 t 0.13 

8.1 i: 0.8 
Dry 
Dry 

0.00 c 0.07 
Dry 

8.0 c 0.8 
PS 

0.14 t 0.10 
Dry 
PS 

1.3 t 0.3 

PS 
PS 

Dry 
PS 

0.45 c 0.14 
PS 

7.00 i 0.07 
PS 

0.08 t 0.11 
0.48 c 0.28 
0.38 t 0.14 

PS 
PS 

0.20 t 0.12 
NA 
Dry 
Dry 
N A 
Drj. 

NA 
Dry 

12 2 2 

I 
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TABLE 20. 1987 Groundwater Quartcrly Sampling 
Program Uranium-238 (X pCi/rnP) (Continued) 

Well 

14-8G 

14-87 
15-86 
15-87 

16-86 
16-87 
17-86 
17-87 
18-86 
19-86 

19-87 
20-86 
20-87 
2 1-86 
21-87 

22-86 
22-87 
23-86 
23-87 
24-86 
24-87 
25-86 
25-87 
26-86 
26-87 
27-86 

27-87 
28-86 
28-87 
29-86 
29-87 
30-86 

30-87 
31-86 
31-87 
32-86 

32-87 
33-86 
33-87 
34-86 

34-87 
35-86 

35-87 
36-86 
36-87 

- 

16-74 

22-74 

1st Quarter 

0.2 f 1.0 
Ps 
NC 

19 i 3 
NC 
Dry 

0.48 _+ 0 5 3  
NC 

25 2 4 
FiC 
Dry 

3.2 c 1.4 

NC 
Dry 
NC 

NC 
5.4 i 1 5  

1.6 i 0.6 
4.3 f 1.9 

NC 
NA 
NC 
Dry 
NC 

7.0 r. 1.9 
NC 

3.0 i 5.1 
NC 

0.39 f 0 5 9  
2.6 f 1.7 

NC 
142 r 2 0  

NC 

NC 
32 t 5 7  

125 f 2 9  
NC 
Dry 
NC 

o a 7 t  087 
1.6 t 0.8 

Dry 

Dry 

NC 

NC 
0 5  t 1.1 
0.0 -c 2.2 

1.3 f 3 5  
NC 

NC 
PS 
NC 

2nd Quarter 

14 f 2 

NC 
0.43 2 0 5 4  

NC 
Dry 

1.1 r 0.6 
NC 

2.7 t 0.8 
NC 
Dry 

0.34f 0.09 
4.0 i 1.3 

NC 
Dry 
NC 

1.6 i 0.7 
NC 

3.1 t 1.2 
6.0 i 1.4 

NC 
PS 
NC 
Dry 
NC 

1.8 r 0.8 
NC 

NC 
0.97 t 0.61 

nry 

NC 

NC 

NC 

750 i 2 0 0  

Dry 

97 i 34 

NC 

NC 
0 5 2 i  0 5 4  

n r y  

NC 
Dry 
NC 

0.04 i 0 5 3  

NC 
1.4 t 1.0 

NC 
PS 
NC 

3rd Quarter 

-0.9 i 1.0 

NC 
11.0 f 1.9 

NC 
PS 

NC 

NC 
PS 
PS 

NC 
PS 
NC 

NC 

-0.4 f 1.2 

20.9 i 4.0 

4 5  i 1.4 

0.6 i 1.2 

1.7 i 0.9 
7.5 f 2.0 

NA 
PS 
NA 
PS 
NA 

NA 

NA 
NA 

NA 
PS 
NA 
PS 
NC 

2.4 f 1.7 

31.2 k 1.0 

93.1 i 14.7 

NA 
PS 
NC 

3.2 i 1.0 

NC 
PS 
NA 

0.4 i 0.7 

NA 

PS 
NA 
PS 
NA 

3.2 i 1.3 

Dry -Well was dry. 
NA -Data not availablc at this time. 
PS -Partial .sample was collcctcd; not cnough watcr was available to sample. 
NC -Well was not installed at this time. 

4th Quarter 

0.22 i 0.12 

0.00 i 0.06 
NA 

0.73 i 0.18 
Dry 

0.14 i 0.18 
2.202 0.34 

NA 
Dry 

7.9 f 0.9 

21 2 3 

NA 
Dry 
PS 

0.89 f. 0.22 
NA 

1.4 ?: 0.3 
2.2 t 0.3 

NA 
1.1 i 0.2 

NA 
Dry 
NA 

2.1 t 0.5 
NA 
Dry 
NA 

0.45 t 0.14 

NA 
Dry 
NA 
Dry 
NA 

100 t 2 2  

0.11 5 0.09 
Dry 
NA 

0.32 i 0.13 

NA 

NA 
Dry 

1.2 c 0.3 

NA 
1.7 t 0.3 

NA 
Dry 
NA 
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TABLE 20. I987 Groundwater Quarter Sanipling 
Prograiii Uranium-238 (X pCi/mV) (Continued) 

Well 1st Quartcr 2nd Quarter 3rd Quarter - 
37-86 
37-87 
38-86 
38-87 
39-86 

39-87 
40-86 
40-87 
41-86 

4 1-87 
42-86 
42-87 
43-86 

43-87 

44437 
45-86 
45-87 
46-86 

44-86 

47-86 
47-87 
48-86 
48-87 
49-86 
49-87 
50-86 
50-87 
5 1-86 

5 1-87 
52-86 
52-87 

Dry 
NC 

75 f 9 
NC 

2.3 t 2.2 

NC 

NC 
6.1 t 15 

5.2 fr 1.3 

NC 

NC 
2.2 i 1.1 

3.9 t 1.1 

NC 

NC 

NC 

2.2 _t 1.0 

1.0 t 0.9 

3.9 t 1.0 

0.00 t 0.38 
NC 

1.1 t 5.0 
NC 

0.7 fr 3.6 
NC 

3 5  t 1.2 
NC 

0.61 -t 0 5 4  

NC 
0.31 t 0.46 

NC 

Dry 
NC 

NC 
1.4 2 0.6 

46 f 5 

NC 
PS 
NC 

0.93 fr 0.65 

NC 
1.6 t 0.6 

PS 
1.0 fr 0.5 

NC 
2.3 t 0.8 

NC 
0.00 i 0.35 

NC 
2.3 f 1.0 

0.36 t 0.48 
NC 

1.2 2 0.6 
NC 

4.0 + 0.9 
NC 

0.20 i 0.44 
NC 

0.12 i 0.37 
0.12 t 0.37 

0.2 t 0.4 
NC 

NC 

Ps 
NC 
NA 
NC 

PS 
NC 
PS 
PS 

1.8 t 0.8 

1.2 t 0.1 

NA 

PS 

PS 
NC 

NA 

NC 

2.6 2 1.0 

1.7 t 0.9 

2.5 f 1.3 

9.8 t 2.3 

?.5 t 1.7 

55 i 2.1 

0.0 c 1.5 

0.0 r 1.0 

NC 

NC 

NC 
NA 
NC 

0.0 t 0.5 

NC 

NC 
0.0 t 0.7 

5 3-86 Dry Dry PS 
53-87 NC NC NC 
54-86 

PS 
54-87 NC NC NC 
55-86 2.2 t 0.8 0.45 t 0.48 0.0 t 0.5 
55-87 NC NC NA 

0.00 t 0.71 0.4 t 0.6 56-86 0.86 t 0.60 
56-87 NC NC NC 
57-86 5.3 t 15 Dry PS 
58-86 Dry Dry PS 

0.14 t 0.03 0.07 + 0.87 0.3 t 0.6 

58-87 NC NC NC 
59-86 1 1  t 2 10 t 2 10.9 t 1.7 

59-87 NC NC NC 
60-87 NC NC NC 
61-86 2.3 t 0.9 2.0 t 0.9 1.6 f 0.8 

61-87 NC NC NC 

5.3 t 2.9 

1.8 t 0.9 

Dry - Well W ~ S  dry. 
NA - Data not available at this timc. 
PS -Partial wiiplc was collcctcd; not cnough watcr was available to saiiiplc. 
NC -Well was not installcd at this tiinc. 

4th Quartcr 

Dry 

Dry 
NA 

NA 
1.7 fr 0.3 

NA 
3.6 t 0.5 

1.7 2 0.3 
Dry 

N A  
NA 

1.4 t 0.2 
Dry 

17 f 4 

NA 

N A  
3.4 t 0.4 

0.20i  0.96 
1.4 1. 0.2 
2.3 t 0.33 
1.2 f 0.2 
0.18 t 0.08 

N A  
0.42 f 0.13 

PS 
0.01 t 0.06 

NA 
0.18 fr 0.10 

PS 
0.07 t 0.08 

PS 
NA 

0.05 i 0.05 
15 fr 2 

PS 
PS 
PS 

0.44 c 0.12 

PS 
0.02 t 0.05 

NA 
0.1 1 t 0.09 

NA 
PS 
PS 
NA 

8.1 c 0.9 

N A  
N A  
PS 

NA 
c 
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TABLE 20. 1987 Groundwater Quarterly Sampling 
Program Uranium-238 (X 1 O-’ pCi/mQ) (Continued). 

Well 

62-86 

62-87 
63-86 
63-87 
64-86 
64-87 
65-86 

65-87 
66-86 
66-87 
67-86 
67-87 
68-86 
68-87 
69-86 
70-86 
70-87 
71-87 
72-87 
WS-01 
ws-02 

1987 Sunirnary 

- 1st Quarter 

1.8 tl.6 
3.6 f 1.1 

NC 

NC 

NC 

Dry 

2.1 f 1.0 

1.9 t 0.7 

NC 

NC 

NC 

NC 
33 i 5 
0.72 t_ 0.60 

NC 
NC 
NC 
NA 
NA 

1.1 f 0.7 

2.7 I 1.0 

5.2 f 2.2 

2nd Quarter 

2.8 t 1.0 

NC 
Dry 
NC 
Ps 
NC 

3.3 i 1.0 

NC 
0.94 f 0.6 

NC 
1.7 t 0.8 

NC 
0.34 t 0.48 

NC 
7.2 * 1.3 
0.87 t 0.73 

NC 
NC 
NC 
NA 

0.7 t 0.5 
2.6 I 0.9 

3rd Quarter 4th Quarter 

3.2 f 1.0 

NC 
PS 
NC 
NA 
NC 
PS 

NC 
Ps 
NC 

NC 

NC 

1.6 t 15 

2 5  t 1.0 

0.9 t 0.7 

8.9 r 1.6 
0.4 t 0.6 

NC 
NC 
NC 

7.1 t 2.0 
12.6 i 2.6 

Miniinuni Value: -0.9 t 1 .O (Wcll 14-86 Quarter 3) 

Maximum Value: 750 +_ 200 (Wcll 28-86 Quarter 2) 

3.0 f 0.4 

NA 
PS 
NA 
PS 
NA 
PS 

NA 
Dry 
NA 
Dry 
NA 
Dry 
NA 

6.5 t 0.7 
0.35 t 0.15 

NA 
NA 
NA 

0.03 t 0.09 
PS 

Dry -Well was dry. 
NA - Data not available at this tinle. 
PS -Partial sample was collected; not enough water w d s  available to sample. 
NC - Wcll was not installed at this tiiiie. 
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Well 

1-7 1 

- 

1-74 
1-81 
1-86 
1-87 
2-60 
2-7 1 

2-8 1 
2-86 
2-87 
3-74 
3-82 
3-86 
3-87 

4 6 0  
4-8 1 
4-86 
4-87 
4-8 2 
5-86 
5-87 
6-8 1 
6-82 
6-86 
6-87 

7-74 

7-81 
7-82 
7-86 
8-8 1 
8-86 
8-87 
9-74 

9-8 1 
9-86 
9-87 

10-74 
10-8 1 
10-86 
10-87 
11-86 

11-87 

12-86 

12-87 
13-86 

TABLE 21. 1987 Groundwater Quarterly 
Sampling Program Tritium (X IO4 pCi/mB) 

1st Quarter 

<110 
290 
260 
32 0 

<I10 
NC 

< I 1 0  
<110 
170 

<110 
<110 
NC 
230 

< I 1 0  
260 
NC 

1700 
PS 
Dry 

<110 
120 
120 
NC 
PS 

<110 
PS 
NC 

<110 

PS 
Dry 
Dry 

<110 
< I 1 0  
NC 

< I 1 0  

<110 
<I10 
NC 
Dry 

<110 
<110 
NC 
460 

NC 

130 

NC 
PS 

Dry - Well was dry. 
NA - Data not available at this time. 

2nd Quartcr 

< I 1 0  

<110 
260 

<I10 
Dry 
Ps 

< I 1 0  

< I 1 0  
<I10 
120 

<I10 
<110 
320 
PS 

<I10 
2600 
Dry 
Dry 
Dry 

<I10 
PS 

<110 
1110 
<110 

PS 
NC 

<i10 

PS 
Dry 
Dry 

<I10 
<I10 
<110 
< I 1 0  

<I10 
<110 
NC 

<110 
< I 1 0  
<I10 
NC 
160 

NC 

120 

NC 
PS 

3rd Quarter 

<5 15 

<475 
<478 
<492 
Dry 

1027 t 317 
<5 15 

<478 
<475 
<5 14 
<475 

557 t 323 
<5 02 
4 1 4  

3000 t 420 
PS 
PS 

171 t 333 
1005 t 316 

<5 40 
<49 3 
<47 1 
<459 

PS 
<540 

PS 
<475 
PS 
PS 
Dry 
PS 

<5 35 
PS 

<5 14 
<5 15 

<5 35 
<492 
NA 
Dry 

4 2 6  
4 4 0  
Dry 

<490 
PS 

<440 
PS 

4 4 0  
PS 
PS 
PS 

4th Ouartcr 

<460 

<460 
<220 
PS 
Dry 

8 7 0  t 100 
<460 

<220 
Dry 

4 0 0  
<520 
<2 10 
<220 
4 0 0  

1600 t 100 
Dry 
Dry 

<460 
<200 
Dry 

<460 
PS 

<200 
Dry 
PS 

<460 

PS 
Dry 
Dry 

<220 
<210 

PS 
<520 

PS 
<220 
<220 

510 t 290 
PS 

<220 
<220 
Dry 
Dry 

Dry 

Dry 

Ps 
Dry 

PS -Partial sample was collcctcd; not enough watcr was available to  sample. 
NC -Well  was not installcd at this tinic. 
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Well - 
14-86 

14-87 
15-86 
15-87 

16-86 
16-87 

17-87 
18-86 

19-86 

19-87 
20-86 
2oa7 
21-86 
21-87 

22-86 
22-87 
23-86 

24-86 
24-87 

25 -87 

16-74 

17-86 

18-87 

22-74 

23-81 

25-86 

26-86 
26-87 
21-86 

27-87 
28-86 
28-87 

29-81 
30-86 

30-87 
31-86 

29-86 

31-87 
32-86 

32-81 
33-86 
33-87 
34-86 

34-81 

35-87 

36-87 

35-86 

36-86 

TABLE 21. 1987 Groundwater Quarterly Sampling 
Program Tritium (X pCi/mK) (Continued) 

1st Quarter 

<110 
PS 
NC 

<110 
NC 

Dry 
<110 

NC 
38 0 
NC 
Dry 
NC 
110 

NC 
Dr y 
NC 
110 
NC 

<I 10 
230 
NC 
PS 
NC 
Dry 
NC 
210 
NC 

1300 
NC 

<1 IO 
<110 
NC 

6300 
NC 

NC 
85 000 

6400 
NC 
Dry 
NC 

<110 
<110 

NC 
Dry 
NC 

<110 
<I10 

NC 
<110 
NC 
PS 
NC 

Dry 

2nd Quartcr 

<110 

NC 
<110 

NC 

Dry 
<I10 

NC 
<I10 

NC 
Dry 
NC 

<I10 
<I10 

NC 
Dry 
NC 

<110 
NC 

<I10 
<I10 

NC 
PS 
NC 
Dry 
NC 

<I10 
NC 
Dry 
NC 

<I10 

NC 
12000 

NC 
Dry 
NC 

9800 

NC 
Dry 
NC 

<110 

NC 
Dry 
NC 

<110 

NC 
<110 
NC 
PS 
NC 

3rd Quarter 

<492 

<500 
<492 
<460 

PS 
<540 
<5 00 
<540 
PS 
PS 
NA 
PS 

<445 
NA 
PS 
NC 

<445 
NC 

<418 
723 f 318 

PS 
PS 

<460 
PS 
NA 

<492 
<460 

1352 f 343 
NA 
NA 

NA 
PS 
NA 
PS 
Dry 

8611 i 825 

NA 
PS 
NC 

<412 

NC 
PS 
Dry 

<418 

Dry 
<478 
<418 

PS 
P3 
PS 

Dry -Well was dry. 
NA - Data not available at this time. 
PS -Partial sample was collected; not enough water was available to salnple. 
NC -Well was not installed at this timc. 

4th Quarter 

<210 

<460 
<2 10 
<500 

PS 
Dry 

<2 10 
<460 

730 * 100 
NA 
Dry 
NA 

<2 10 

NA 
Dry 
PS 

<200 
NA 

<520 
260k 80 

<220 
PS 

<520 
Dr y 
NA 

<220 
<520 
Dry 
NA 
NA 

N A  
Dry 
NA 
Dry 

<460 
7900 i200 

NA 

<460 
NA 

<460 
Dry 
NA 
NA 

Dry 

Dry 
<460 
<460 
Dry 
PS 
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TABLE 2 1. 1987 Groundwater Quarterly Sainpling 
Prograin Tritium 

Well 1 st Quartcr - 
37-86 
37-87 
38-86 
38-87 
39-86 

39-87 
40-86 
40-87 
41-86 

Dry 
NC 
150 
NC 
25 0 

NC 
110 
NC 
220 

41-87 NC 

47-86 
42-87 
43-86 
43-87 
44-86 
44-87 
45-86 

46-86 
45-87 

41-86 
47-87 
48-86 
48-81 
49-86 

49 -8 7 

50-87 

52-86 
52-87 

50-86 

5 1-86 

5 3-86 
53-87 
54-86 

54-87 
55-86 

55-87 
56-86 
56-87 
57-86 
58-86 
58-37 
59-86 

59-87 
60-87 
61-86 

<I10 
NC 

< I  IO 
NC 

<I10 
NC 
1 IO 
NC 
1 IO 

I IO 
NC 
310 
NC 

<I10 

NC 
160 
NC 
150 
150 
NC 

Dry 
NC 
2 30 

NC 
260 

NC 
120 
NC 
NA 
Dry 
NC 

<I10 
45 0 
NC 
NC 

<1 IO 
200 

(X pCi/niV) (Continued) 

2nd Quarter 

Dry 
NC 
160 
NC 

< I  10 

NC 
PS 
NC 

<I10 

NC 

<I10 
PS 

<I10 
NC 

C l 1 0  
NC 
330 
NC 

< I  IO 

< I  IO 
NC 

<I10 
NC 
Cl 10 

NC 
NA 
NC 
NA 

<I10 
NC 

Dry 
NC 

< I  IO 

NC 
260 

NC 
<I10 

NC 
Dry 
Dry 
NC 
2 10 

NC 
NC 
NA 

3rd Quartcr 

PS 
NC 

<540 
NA 
PS 

4 0 2  
N C  
PS 
PS 

<475 

NA 
PS 

4 0 2  
PS 

<493 
NC 

4 2 6  
NC 

<5 35 
NC 

4 2 6  

4 2 6  
NC 

c 5 2 6  
NC 

2218 + 391 

NC 
481 t 291 

NC 
<492 
c459 

NC 

PS 
NC 

4 9 3  
PS 
NC 

<593 
PS 
NC 

<49 3 
NC 
PS 
PS 
NC 

<49 3 

NC 
NC 

<509 

Dry - Wcll was dry. 
NA - Data not availablc at this tiine. 
PS -Partial saniplc was collcctcd; not $nough watcr was available to  satnplc. 
NC - Wcll was not installed at this tirnc. 

4th Quartcr 

Dry 
NA 
Dry 
NA 

<210 

NA 
N A  

NA 
<520 

NA 
<210 

560 4 290 
Dry 
Dry 

<220 
<210 
Dry 

<460 
<220 
N A  

<460 
<460 
PS 
NA 
PS 

<220 
PS 

NA 
c220 

PS 
<220 
(500 
4 4 0  

PS 
PS 
PS 
Dry 

PS 
PS 

PS 
Dry 
Dry 
PS 
PS 
NA 

<460 

NA 
NA 
PS 

Dry 

51 



R FP-E N V-87/M ONiTOR ING DA TA : COLLECTION, ANAL YSES, AND E VAL UA TI0 N 

TABLE 21. 1987 Groundwater Quarterly Sampling 
Program Tritium (X pCi/mP) (Continued)’ 

Well - 
62-86 

63-86 
62-87 

63-87 
64-86 
64-87 
65-86 

65-81 

66-87 
67-86 

66-86 

67-87 
68-86 
6887 
69-86 
70-86 

72-87 

70-81 
11-81 

\vsu 1 
ws42 

1987 Suntniary 

1 st Ouartcr 2nd Ouartcr 

< I  10 
NC 
lh y 
NC 

< I  10 
NC 

<I IO 

NC 
<110 
NC 

NC 
1 IO 
NC 
300 

< I  IO 
NC 
NC 
NC 
120 
260 

270 

<1 IO 
NC 
Dry 
NC 
PS 
NC 

< I  IO 

NC 
<I 10 
NC 
420 
NC 

<I10 
NC 

< I  IO 
< I  10 
NC 
NC 
NC 

<I10 

<I10 
< I  in 

3rd Ouartcr 

<49 3 
NC 
PS 
NC 
NA 
NC 
PS 

<5 09 
NC 
PS 
NC 

<475 
NC 

<493 
NC 

<49 3 
<49 3 
NC 
NC 
NC 

<492 
<492 

4th Ouartcr 

4 2 0  
NA 
PS 
NA 
PS 
NA 
PS 

NA 

NA 
Dry 
NA 
Dry 
NA 

5 IO i 290 
<220 
NA 
NA 
NA 

<2 10 
NA 

Dry 
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Well 

1-71 

1-74 
1-81 

1-86 
1-87 
2 6 0  
2-7 1 

2-8 1 
2-86 
2-87 

3-74 
3-82 
3-86 
3-87 
4 6 0  
4-8 1 
4-86 
4-8 7 
5 -82 
5-86 
5-87 
6-8 1 
6-82 
6-86 
6-87 

7-74 

7-8 1 

7-86 
8-8 I 
8-86 
8-87 
9-74 

9-81 
9-86 
9-87 

10-74 
10-8 1 
10-86 
11-86 
11-87 

- 

7-82 

12-86 
12-87 

TABLE 22. 1987 Groundwater Quarterly 
Sam piing 

I st Quarter 

1120 
1200 
8000 
4 u  

4 u  
NC 
4 u  

28800 
26000 

4 u  
4 u  
NC 

200 
4 u  
4 u  
NC 
4 u  
4 u  
Dry 

4 u  
4 u  
NC 
4 u  
4 u  
4 u  
NC 

4 u  

4 u  
Dry 
Dry 
4 u  
4 u  
NC 

20000 
20800 

4 u  
4 u  
NC 

525 

Dry 
4 u  
4 u  
4 u  
NC 

4 u  
NC 

Program Trichloroethylene (/+)a) 
2nd Quarter 

2000 

18000 
4 u 

4 u  
Dry 
4 u  

24800 

4 u  
4 u  
PS 
s u  
400 

4 u  
4 u  
5 u  
4 u  
Dry 
Dry 
Dry 
4 u  
4 u  
4 u  
4 u  
4 u  
4 u  
NC 

4 u  

4 u  
Dry 
Dry 
4 u  
4 u  
4 u  

72000 

4 u  
4 u  
NC 

3600 
4 u  
4 u  
4 u  
NC 

4 u  
NC 

3rd Quarter 

69 1 

114 
4 u  

4 u  
Dry 
5 u  
9440 

NA 
4 u  

218 
5 u  
4 u  
4 u  
5 u  
4 u  
PS 

5 u  
NA 
4 u  
5 u  
5 u  
5 u  
PS 

PS 

5 u  
Dry 
PS 
5 u  
5 u  
4 u  

11768 

5 u  
5 u  
NC 

PS 
5 u  
5 u  
NA 

23 

20 

16 

595 
590 

PS 
5 u  
3570 

Dry - Well was dry. 
NA - Data not available at this time. 
PS - Partial s~riiple was collected; not enough water was lrvlrilablc to  sainplc. 
NC -\Vel1 was not installcd at this time. 

4th Ouartcr 

222 

1340 
5 u  
NA 
PS 

Dry 
5 u  
NA 

5 u  
Dry 

55 
NA 
5 u  
5 u  
5 u  
Dry 
Dry 

5 u  
Dry 
5 u  
5 u  
s u  
Dry 

44 

12 

5 u  

5 u  
PS 

Dry 
PS 
5 u  
5 u  

12760 
17538 

NA 
NA 
5 u  
5 u  

NA 
5 u  
Dry 
N A  
NA 
NA 
Dry 
NA 

258 

U - Undctcctcd. The number prcccding the "U" is tlic detection limit of the analytical iiistrunicnt. 

53 



R FP-E NV87/MONf TORfNG DA  TA : COL Lf:'L"/ON, ANAL YSIiS, AND E VA LUA TION 

TABLE 22. 1987 Groundwater Quarterly Sampling Program Trichloroethylene (pg/rC) (Continued) 

Wcll - 
13-86 

I 4-86 

15-86 
15-87 

16-86 

17-87 
18-86 

19-86 

19-87 

20-87 

21-87 

22-86 
22-87 

24-86 

25-87 

14-87 

16-74 

16-87 
17-86 

18-87 

20-86 

21-86 

22-74 

2 3-86 
23-87 

24-87 
25-86 

26-86 
26-87 
27-86 

27-87 
2 - 8 6  
28-87 
29-86 

30-86 
29-87 

30-87 
31-86 
31-87 
32-86 

32-87 

33-87 
34-86 
34-87 
35-86 
35-87 
36-86 
36-87 

33-86 

1st Quartcr 

4 u  

4 u  
4 u  
NC 
4 u  
NC 
Dry 
4 u  
Dry 
4 u  
Dry 
Dry 
NC 
4 u  

NC 
Dry 
NC . 
4 u  
NC 

32 
65 0 

NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 

NC 
4 u  
4 u  
NC 
4 u  
NC 
Dry 
NC 
5 

4 u  
NC 
Dry 
NC 
4 U  
4 u  
NC 
Dry 
NC 
4 U  
NC 

14 
NC 

6 
NC 

8 

2nd Ouartcr 3rd Ouartcr 

4 u  

4 u  

NC 
4 u  
NC 
Dry 
4 u  
Dry 
4 u  
Dry 
Dry 
NC 
4 u  
4 u  
4 u  
Dry 
NC 
4 u  
NC 
PS 

6000 
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
Dry 
NC 
4 U  

NC 
4 u  
NC 
Dry 
NC 
4 u  

NC 
Dry 
NC 
4 u  

NC 
Dr) 
NC 
4 u  
NC 

NC 
4 u  
NC 

16 

5u 
PS 
5u 

109 
5 u  
5 IO 
PS 
5 U  
5u 
5 u  
Dry 
PS 
NC 
PS 
5 u  
5 u  
PS 
NC 
5 u  
NC 
NA 
490 

NC 
5 u  
5 u  
PS 
NC 
5 u  

5 u  
NC 
5u 

NC 
5 u  
N A  
N A  
NC 
5 u  

NC 
PS 
NC 
5 U  

NC 
PS 
NC 
PS 
NC 
PS 
NC 
PS 
NC 

56 

4th Quartcr 

Dry 

5 u  

47 
5 u  
PS 
Dry 
5u 
5 u  
5 u  

Dry 
NA 
8 

NA 
Dry 
N A  
5 u  
NA 

83 

8 
186 

N A 
PS 
5 U  
Dry 
5u 
N A  

Dry 
5 U  
5 u  

NA 
Dry 
N A  
NA 
5 U  
N A  

NA 
Dry 
5 u  
5 U  

42 

21 
Dry 
N A 
5 U  
NA 
5u 
NA 
Dry 

118298 

Dry - Well was dry. 
N A  - Data not available at this tiiiic. 
PS -Partial saniplc was collcctcd; not enough water was available to saiiiplc. 
NC - Wcll was not installed at this tinic. 
u - Undctcctcd. Thc INJlJ>bcr prcccdjnp Il,c "U" is the dctcction I i n ~ i t  of the analytical instrulncnt. 
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TABLE 22. 1987 Groundwater Quarterly Sampling Program Trichloroethylene (pg/ll) (Continued) 

Well 

37-86 
37-87 
38-86 
38-87 
39-86 
39-87 
40-86 

4087 
4186 

4187 

42-86 

42-87 
43-86 
43-87 

44-87 
45-86 
45 -8 7 
46-86 
47-86 

47-87 
48-86 
48-87 
49-86 
49-87 
50-86 
50-87 
5 1-86 
5 1-87 
52-86 
52-87 

5 3-87 
54-86 
54-87 
55-86 
55-87 
56-86 
56-87 
57-86 
58-86 
58-87 
59-86 
59-87 
60-87 
61-86 
61-87 
62-86 

- 

4486 

53-86 

1st Quarter 

Dry 
NC 
4 u  
NC 
4 u  
NC 
4 u  

NC 
4 u  

NC 

110 

NC 
8 
NC 
4 u  
NC ~ 

4 u  
NC 
4 u  
4 u  

NC 
4 u  
NC 

NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 

. 4 u  
. NC 
4 u  
NC 
4 u  
Dry 
NC 
4 u  
NC 
NC 
4 u  
NC 
4 u  
4 u  

~ ‘4 u 

2nd Quarter 

Dry 
NC 
4 u  
NC 
4 u  
NC 
4 u  

NC 
4 u  

NC 

1400 

5 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
4 u  

NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
Dry 
Dry 
NC 
4 u  
NC 
NC 
4 u  
NC 
4 u  

3rd Quarter 

Dry 
NA 
NC 
NC 
5u 
NC 
PS 
PS 
PS 
4 u 

5 U  
5 U  
PS 
870 

PS 
5 U  
5 U  
5u 
NC 
5 U  
NC 
5 U  
5 U  

NC 
5u 
NC 
5 U  
NC 
5 U  
NC 
5 U  
NC 
5 u  
NC 
PS 
NC 
4 u  
NC 
4 u  
5 U  
4 u  
NC 
PS 
Dry 
NC 
4 u  
NC 
NC 
5u 
NC 

4 u  

-- 

Dry -Well was dry. 
NA - Data no available at this time. 
PS -Partial sample was collected; not cnough water was available to  sample. 

4th Quarter 

Dry 
NA 
Dry 
NA 
5 U  
NA 
5 U  

Dry 
NA 
5 U  
NA 
5 U  

5 U  
Dry 
6999 
NA 
5u 
NA 
5U 
5u 
5 U  
5 U  
5U 
5 U  
5u 
5 u  
5 u  
NA 
5 U  
5 U  
5 U  
NA 
5 U  
5 U  
PS 

Dry 
5 U  
5 U  
NA 
Dry 
Dry 
PS 
Dry 
NA 
5 U  
NA 
NA 
PS 
NA 
5 U  

197 

23 

NC -Well was not installed at this time. 
N -Undetected. The number preceding the “U” is the detection limit of thc analytical instrument. 
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TABLE 22. 1987 Groundwater Quarterly Sampling Program Trichloroethylene (fis/Q) (Continued) 

Well 1st Quarter 2nd Quarter 3rd c)UtUteI - 
62-87 
63-86 
63-87 
64-86 
64-87 
64-86 
65-87 
66-86 
66-87 
67-86 
67-87 
68-86 
68-87 
69-86 
70-86 
70-87 
7 1-87 
72-87 
ws41 
ws42  

NC 
Dry 
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
4 u  
NC 
NC 
NC 

1000 
4 u  

NC 
Dry 
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
4 u  
NC 
NC 
NC 
4 u  
4 u  

NC 
Ps 
NC 
4 u  
NC 
4 u  
NC 
Ps 
NC 
4 u  
NC 
4 u  
NC 
4 u  
4 u  
NC 
NC 
NC 
5 u  
5 u  

I987 Summary 

Minimum Value: Many locations below detection levels. 

Maximum Value: 118298 (Well 36-87 Quarter 4) 

4th Quarter 

NA 
PS 
NA 
Ps 
NA 
PS 
NA 
Dry 
NA 
Dry 
NA 
Dry 
NA 
5 u  
5u 
NA 
NA 
NA 
5 u  
5 u  

Dry - Wcll was dry. 
NA - Data not availablc at this time. 
PS -Partial sample was collected; not enough water was available to samplc. 
NC -Well was not installed at  this timc. 
U -Undetected. The number preceding the “U” is thc detection limit of the analytical instrument. 
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Wcll 

1-7 1 

- 

1-74 
1-81 
1-86 

1-87 
260 
2-7 1 

2-8 1 
2-86 
2-87 
3-74 
3-82 
3-86 
3-87 
4-60 
4-8 1 
4-86 
4-87 
5-82 
5-86 
5-87 
6-8 1 
6-82 
6-86 
6-87 
7-74 

7-8 1 
7-82 
7-86 
8-8 1 
8-86 
8-87 
9-74 

9-8 1 
9-86 
9-87 

10-74 
10-8 1 

11-86 
11-87 

10-86 

12-86 
12-87 
13-86 
14-86 

TABLE 23. 1987 Groundwater Quarterly 
Sampling Program Carbon Tetrachloride (&a) 

1st Ouartcr 

4800 
2300 
4 u  
4 u  
4 u  

NC 
4 u  
4 u  
4 u  
4 u  
4 u  
NC 

1200 
4 u  
4 u  
NC 
4 u  
4 u  
Dry 

S 
4 u  
4 u  
NC 
4 u  
4 u  
4 u  
NC 
4 u  

4 u  
Dry 
Dry 
4 u  
4 u  
NC 
4 u  
4 u  
4 u  
4 u  
NC 
Dry 
4 u  
4 u  
4 u  
NC 

4 u  
NC 
4 u  
4 u  
4 u  

2nd Quarter 

3000 

4 u  
4 u  
4 u  
4 u  
Dry 
4 u  

40 

4 u  
4 u  
s u  
1200 
4 u  
4 u  
s u  
4 u  
Dry 
Dry 
Dry 
4 u  
4 u  
4 u  
4 u  
4 u  
4 u  
NC 
4 u  

4 u  
Dry 
Dry 
4 u  
4 u  
4 u  

28000 

4 u  
4 u  
NC 

1400 
4 u  
4 u  
4 u  
NC 

4 u  
NC 
4 u  
4 u  

3rd Quartcr 

1405 

4 u  
4 u  
4 u  

Dry 
5u 
4 u  

PS 
4 u  
4 u  
1885 
5 U  
4 u  
4 u  
s u  
4 u  
Dry 
4 u  
s u  
NA 
4 u  
s u  
5 U  
s u  
s u  
NA 
150 
s u  
Dry 
Dry 
5 U  
5 u  
4 u  
4 u  

s u  
s u  
NC 
Dry 
s u  
s u  
Dry 
S 60 
430 
s u  

58 
s u  
s u  

4th Quarter 

440 

s u  
5u 
PS 

Dry 
7 

NA 

5 u  
Dry 
5u 
65 1 
NA 
s u  
5u 

7 
Dry 
Dry 

10 
8 

Dry 
5u 

7 
8 

Dry 
5u 

10 

7 
NA 
Dry 
NA 
5 u  
s u  

3522 

NA 
NA 
5 U  
44 1 
NA 
5 U  
Dry 
NA 
NA 
Dry 
NA 
Dry 
s u  

Dry -Well was dry. 
NA -Data not available at this time. 
Ps -Partial WnlplC was cohcted; not enough watcr was avaiiablc to sample. 
NC -Well was not installcd at this timc. 
U - Undctectcd. The nuinbcr prcccding thc "U" is the dctcction liiiiit of thc analytical instrument. 

I 

i 

I 

F 
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TABLE 23. 1987 Groundwater Quarterly Sampling 
Program Carbon Tetrachloride 

Well 1st Ouartcr - 
14-87 
15-86 
15-87 

16-86 
16-87 
17-86 
17-87 
18-86 
18437 
19-86 

16-74 

19-87 

22-86 
22-87 

23-87 

24-87 
25-86 

22-74 

23-86 

24a6  

25-87 

26-87 
26-86 

27-86 
27-87 
28-86 
28-87 
29-86 
29-87 
30-86 
30-81 
31-86 

32-86 

32-87 
33-86 
33-87 
34-86 
34-87 
35-86 
35-87 
36-86 

31-87 

36-87 
37-86 
3747 
38-86 
38-87 
39-86 
39-87 
40-86 

NC 
4 u  
NC 
Dry 
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  

NC 
64 

4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
Dry 
NC 
4 u  
4 u  
NC 
Dry 
NC 
4 u  
NC 
4 u  
NC 
4 u  

NC 
Dry 
NC 
4 u  
NC 
4 u  
NC 
4 u  

40-81 NC 

Dry -Well was dry. 

2nd Quartcr 

NC 
4 u  
NC 
Dry 
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
4 u  
4 u  
NA 

3000 
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
Dry 
NC 
4u 

NC 
Dry 
NC 
4 u  
NC 

23 
NC 
4 u  

NC 
Dry 
NC 
4u 
NC 
4 u  
NC 
4 u  

NC 

(pg/K) (Continued) 

3rd Quartcr 

404 
5 u  

4080 
Dry 
5 u  
5 u  
5 u  
NC 
Dry 
NC 
PS 
5 u  
5 u  
NA 
49 1 
NC 
5 u  
5 u  
Dry 
NC 
5 u  

61 
5 u  
NC 
5 u  
NC 
5 u  
NA 
NA 
NC 
5 u  
NC 
Dry 
NC 
5 u  

NC 

NC 
NA 
NC 
NA 
5 u  
PS 
NA 
5 u  
NC 
Dry 
NC 
NA 
NC 
5 tr 
NC 
PS 
PS 
PS 

Dry 

4th Quartcr 

258 
5 u  
NA 
Dry 
5 u  
5 u  
5 u  

96 
Dry 
NA 
5 u  
NA 

8 
54 

161 
NA 
PS 
5 u  
Dry 
5 u  
NA 

15 
Dry 
5 u  
5 u  
NA 
Dry 
NA 
NA 
5 u  
NA 
NA 
Dry 
s u  
5 u  

s u  
Dry 
NA 
5 u  
NA 
s u  
NA 
Dry 

3673 

NA 
Dry 
NA 
5 u  
NA 
5 u  

Dry 

Dry 

NA - Data not availablc at this tiinc. 
PS -Partial samplc was collcctcd; not cnough water was available to saniplc. 
NC -Well was not installcd at this timc. 
U - Undctcctcd. Tlic number prcccding thc “U” is thc  detection limit of the analytical instrumcnt. 
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Well 

TABLE 23. 1987 Groundwater Quarterly Sampling 
Program Carbon Tetrachloride 

1st Quartcr 2nd Quartcr 

(pg/Q) (Continued) 

3rd Quarter 

41-86 
41-87 

42-86 

42-87 
43-86 
43-87 
44-86 
44-87 
45-86 
45 -87 
46-86 
47-86 
47-87 
48-86 
48-87 
49-86 
49-87 
50-86 
50-87 
5 1-86 
51-87 
52-86 
52-87 
53-86 
53-87 
54-86 
54-87 
55-86 
55-87 
56-86 
56-87 
57-86 
58-86 
58-87 
59-86 

59-87 
60-87 
61-86 
61-87 
62-86 
62-87 
63-86 
63-87 
64-86 
64-87 
65-86 
65-87 
66-86 
66-87 
67-86 

4 u  
NC 

750 

NC 
6 

NC 
4 u  
NC 
4 u  
NC 
4 u  
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
Dry 
NC 
4 u  
4 u  
NC 
NC 
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  

4 u  
NC 

3300 

5 u  
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
Dry 
Dry 
NC 
4 u  

NC 
NC 
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  

4 u  
5 u  
5 u  
PS 

48 35 
PS 
NA 
NC 
5 u  
NC 
5u 
NC 
5 U  
5 u  
NC 
5 u  
NC 
5 u  
NC 
5 6  
NC 
5 u  
NC 
5 u  
NC 
PS 
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
Dry 
Dry 
NC 
4 u  

NC 
NC 
5 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  

Dry - Wcll was dry. 
NA - Data not available at this tirnc. 
PS -Partial sample was collected; not enough watcr was available t o  sample. 
NC -Well was not installed at  this time. 

4th Quartcr 

5 u  
NA 
5 U  
1695 

5 I1 
Dry 

2178 
NA 
5 u  
PS 
5u 
5 u  
PS 
5 u  
5 u  
5 u  
5 u  
5 u  
NA 
5 U  
5 u  
5u 
PS 
5 u  
5 u  
PS 

6 
Dry 
5 u  
5 u  
5 u  
Dry 
Dry 
Dry 
Dry 
NA 
5 u  

NA 
NA 
Dry 
NA 
5 u  
NA 
NA 
NA 
NA 
NA 
PS 
NA 
Dry 
NA 
Dry 

u -Undetected. The number preceding thc “U” is thc dctcction h i t  of thc analytical instrumcnt. 

59 



! 
R F P-EN V-87IMONI TORING DATA : COLLECTION, ANAL YSES, AND EVA L UA TION 

TABLE 23. 1987 Groundwater Quarterly Sampling 
Program Carbon Tetrachloride (ps/Q) (Continued) 

2nd Quarter 3rd Quarter 4th Quarter Well 1st Quarter - 
67-87 
68-86 
68-87 
69-86 
70-86 
70-87 
7 1-87 
72-87 
WS41 
ws-02 

NC 
4 u  
NC 
4u 
4u 
NC 
NC 
NC 
4 u  
4u 

NC 
4u 
NC 
4u 
4u 
NC 
NC 
NC 
4 u  
4U 

NC 
4u 
NC 
4u 
4u 
NC 
NC 
NC 
5u 
s u  

1987 Summary 

Minimum Value: 

Maximum Value: 28000 Wcll9-74 Quarter 2) 

Many locations below dctcction levels. 

NA 
Dry 
NA 
5 u  
s u  
NA 
NA 
NA 
su 
su 

Dry - Well was dry. 
NA - Dota not available at this t h e .  
PS -Partial sample was collectcd; not enough water was available to samplc. 
NC - Well was not iwtallcd at this time. 
U - Undetcctcd. Thc number preceding ttic "U" js the detcction limit of the analytical instrument. 

6 0  
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Groundwater MonitonnglR FP-E N V-87 

Well 

1-7 1 

- 

1-74 
1-8 I 

1-86 
1-81 
2-60 
2-7 1 

2-8 1 
2-86 
2-87 

3-82 
3-86 
3-87 

4-8 1 
4-86 
4-87 
5 -82 
5-86 
5-87 
6-8 1 
6-82 

6-87 

3-74 

4-60 

6-86 

7-74 

7-81 
7-82 
7-86 
8-81 

8-87 
8-86 

9-74 

9-81 
9-86 
9-81 

10-8 1 
10-86 
11-86 
11-87 

12-81 

10-74 

1286 

TABLE 24. 1987 Groundwater Quarterly 
Sampling Program Tetrachloroethylene (ps/Q) 

1st Quarter 

50 
108 

80000 
4 u  

4 u  
NC 
4 u  
4 
1000 

4 u  
4 u  
NC 
48 0 

4 u  
4 u  
NC 

4 u  
4 u  
Dry 

4 u  
4 u  
NC 
4 u  
4 u  
4 u  
NC 

4 u  

4 u  
Dry 
Dry 
4 u  
4 u  
NC 
6400 
2400 
4 u  
4 u  
NC 
Dry 
4 u  
4 u  
4 u  
NC 
NC 
4 u  
NC 

84 

2nd Quartcr 

800 

528000 
4 u  

4 u  
Dry 
4 u  
440 

4 u  
4 u  
5 u  
1080 

4 u  
4 u  
5 u  
4 u  

Dry 
Dry 
Dry 
4 u  
4 u  
4 u  
4 u  
4 u  
4 u  
NC 

15 

16 

4 u  
Dry 
Dry 
4 u  
4 u  
4 u  
13200 

4 u  
4 u  
NC 
4 u  
4 u  
4 u  
4 u  
NC 
NC 
4 u  
NC 

3rd Quartcr 

147 

115 
4 u  

4 u  
Dry 
5 u  
192 

PS 
4 u  
4 u  
345 

5 u  
4 u  
4 u  

5 u  
4 u  
NA 
4 u  
5 u  
NA 
4 u  
5 u  
5 u  
5 u  
Ps 
5 u  
PS 

36 
5 u  
Dry 
Dry 
5 u  
5 u  
4 u  

3393 

5 u  
5 u  
NC 
NA 
5 u  
5 u  
NA 

22 
5 00 
5 u  

43 

4th Quarter 

132 

35600 
5 u  
NA 
NA 
Dry 
5 u  
NA 

5 u  
Dry 
5 u  

NA 
5 u  
5 u  

172 

5 
Liry 
Dry 

5 u  
NA 
5 u  
5 u  
5 u  
NA 
5 u  

6 

14 

5 u  
NA 
Dry 
NA 
5 u  
5 u  
5840 
6322 
NA 
NA 
5 u  
5 u  
NA 
5 u  
Dry 
NA 
NA 

NA 
Dry 

Dry -Well was dry. 
NA - Data not available at  this timc. 
PS -Partial sample was collccted; not enough water was available t o  sample. 
NC -Well  was not installcd at  this time. 
U - Undetccted. Thc number prcccding the “U” is the detcctiion limit of the analytical instrument. 
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TABLE 24. I987 Groundwater Quarterly Sampling 

Wcll 

13-86 

14-86 

14-87 
15-86 
15-87 

16-86 
16-87 
17-86 
17-87 
18-86 
18-87 
19-86 

19-87 
20-86 
20-87 
2 1-86 
21-87 
22-74 
22-86 
22-87 
2386 
23-87 
24-86 
24-87 
25-86 
25-87 
26-86 
26-87 
27-86 

27-87 
28-86 
28-87 
29-86 
29-87 
30-86 
30-87 
31-86 
31-87 
32-86 

32-87 
33-86 

34-86 

34-87 

- 

16-74 

33-87 

Program Tetrachloroethylene (/&a) 
1st Quarter 

4 u  

4u 
4 u  
NC 
4 u  
NC 
Dry 
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  

NC 
Dry 
NC 
4 u  
NC 

4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
4 u  
NC 
4 u  
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
Dry 
NC 
4 u  
4 u  
NC 
Dry 
NC 
4 u  
4 u  
NC 

92 

2nd Quartcr 

4 u  

4 u  

NC 
4 u  
NC 
Dry 
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
4 u  
4 u  
Dry 
NC 
4 u  
NC 
NA 

NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
Dry 
NC 
4 u  

NC 
4 u  
NC 
Dry 
NC 

NC 
Dry 
NC 
4 u  

NC 
Dry 
NC 
5 u  

NC 

8 

16 

(Continued) 

3rd Quartcr 

5 u  
NA 
5 u  

5u 
5 u  
900 
NA 
5 u  
5u 
5u 
NC 
Dry 
NC 
NA 
5 u  
5 U  
NA 
NC 
5 u  
NC 
NA 
5 u  
NC 
5U 
5 u  
NA 
NC 
5 u  

5 u  
NC 
5 u  

NA 
5 u  
NA 
NA 
NC 
5 u  
NC 
Dry 
NC 
5 u  

NC 

NC 
NA 

NC 

320 

Dry 

4th Quartcr 

Dry 

5u 

5 u  
s u  
NA 
Dry 
5 u  
5u 
5u 

Dry 
313 

NC 
10 

NA 
Dry 
NA 
5u 
NA 

5 U  
NA 
NA 
5 u  
Dry 
5 u  
NA 

!6 

528 
Dry 
5 u  
5 u  

NA 
NA 
NA 
NA 

NA 
NA 
Dry 
S U  
5 u  

Dry 
Dry 
NA 
S U  

NA 

99 

Dry - Wcll was dry. 
NA - Data not available at this timc. 
PS -Partial saniplc was colicctcd; not enough watcr was availablc to sample. 
NC -Well was not installcd at this tiiiic. 
U -Undetcctcd. The nulnbcr preceding the “U” is thc dctcction liiiiit of tlic analytical instrument. 
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Well 

35-86 
35-87 
36-86 
36-87 
37-86 
37-87 
38-86 
38-87 
39-86 
40-86 
40-87 

41-87 
4 1-86 

42-86 

42-87 
43-86 
43-87 
44-86 
44-87 
45-86 
45-87 
46-86 

47-86 
46-87 

47-87 
48-86 
48 -8 7 
49-86 
49-87 
50-86 
50-87 
5 1-86 
51-87 
52-86 
52-87 
53-86 
5 3-87 
54-86 
54-87 
55-86 
55-87 

56-86 
56-87 
57-86 
58-86 
58-87 
59-86 
59-87 
60-87 

Dry - Wcll was dry. 

i 

Ground wu tcr Monitoring/ R F P- E N V-87 

TABLE 24. 1987 Groundwatcr Quartcrly Saiiipling 
Progrcini Tc trachlorw thylcnc 

I st Quarter 

4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
4 u  
4 u  
NC 

NC 

NC 
NC 
4 u  
NC 

NC 
4 u  
NC 
4 u  
NC 
4 u  

NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
4 u  
NC 

4 u  
NC 
4 u  
Dry 
NC 
4 u  
NC 
NC 

I60 

152 

65 

2nd Oumtcr 

4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
4 u  

NC 
4 u  
NC 
3200 

5 u  
4 u  
NC 

NC 
4 u  
NC 
4 u  
NC 
4 u  

NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 
Dry 
NC 
4 u  
NC 
4 u  
NC 

4 u  
NC 
Dry 
Dry 
NC 
4 u  
NC 
NC 

130 

8 0 

(&a) (Continued) 

3rd Quarter 

NA 
5U 
Dry 
5U 
Dry 
NA 
N A  
NC 
5 kJ 
N /i 
Dry 

11 
5 u  
NA 
I040 
Dry 
Dry 
5U 

NC 
5 u  
NC 
5 u  
NC 
5 u  

32 

NC 
5 U  
NC 
5 u  
NC 
5 u  
NC 
5 u  
NC 
5 u  
NC 
PS 

4 u  
NC 
4 u  
NC 
5 u  
4 u  
NC 
NA 
NA 
NC 
4 u  
NC 
NC 

4th Ouartcr 

5 U  
N A  
Dry 
4654 
Ory 
Dry 
Dry 
NA 
5 U  
5 u  
Dr y 

25 
NA 
626 

5 u  
Dry 
4259 
N A  

38 
N A  
5 u  
5 u  
Nh 
5 u  
5 U  
5 U  
5 u  
5 u  
5 U  
5 u  
NA 
5 u  
5 u  
5 u  
NA 
5 u  
5 U  
NA 
5 U  
NA 
5 u  
5 u  
5 u  

Dry 
Dry 
NA 
NA 
NA 
5 u  
NA 
NA 

NA - Data not available at this tiiiic 
PS -Partial samplc was collcctcd; not enough watcr was available to saiiiplc. 
NC - Well was not installed at  this tinic. 
U - Undctcctcd. Tlic nurnbcr preceding tlic “U” is the detection liiiiit of tlic analytical instriirncnt. 
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TABLE 24. 1987 Groundwater Quarterly Sampling 
Program Tetrachloroethylene (pd2) (Continued) 

- Well 1st Quartcr 2nd Quarter 3rd Quartcr 4th Quartcr 

6 1-86 
61-87 
62-86 
63-86 
63-87 
64-86 
64-87 
65-86 

65-87 

66-87 
67-86 

68-86 
68-87 
69-86 

66-86 

67-87 

70-86 
70-87 
7 1-87 
72-87 
ws-0 1 
ws-02 

19 8 7 S u iii iiiilr y 

4 u  
NC 
4 u  
Dry 
NC 
4 u  
NC 
4 u  

NC 
4 u  
NC 
4 U  
NC 
4 u  
NC 
4 u  
4 u  
NC 
NC 
NC 

4 u  
136 

4 u  
NC 
4u 
Dry 
NC 
4 u  
NC 
4 u  

NC 
4 u  
NC 
4 u  
NC 
4 u  
NC 

4 u  
NC 
NC 
NC 
4u  
4 u  

6 

5 u  
NC 
4u 
Dry 
NC 
4 u  
NC 
4u  
5 u  
NC 
NA 
NC 
4 u  
NC 
4 u  
NC 
4 u  
4 u  
NC 
NC 
NC 
5 u  
5 u  

Minimuin Value: Many locations below detection Icvcls. 

Masirnuin Value: 528000 (Well 1-74 Quarter 2 )  

Ps 
NA 
5 u  
NA 
NA 
PS 
NA 
PS 

Dry 
Dry 

Dry 
Dry 
Dry 
NA 
5 u  
5 u  
NA 
NA 
NA 
5 u  
5u 

NA 

Dry -Well was dry. 
NA - Data not available at this tinic. 
Ps -Partial Sample was collccttxl; not enough water was available to saniplc. 
NC -Well was not installed at this time. 
U -Undetected. The number preceding thc “U” is the detection liinit of thc analytical instrument. 

corrective action measures for the high priority 
areas. Construction of facilities to bc used for 
corrective actions, sucli as watcr treatment systcms. 
is proposed to  begin in the autumn of 1988. 

F. Regional Water Monitoring 

Regional water monitoring includes sampling ant1 
analysis of public water supplies and tap water 
from several surrounding communities. Only Great 
Western Reservoir and Standley Lake. of the 
regional water supplies, receive runoff from Rocky 
Flats Plant drainage systems (Figure 4). The Rocky 
Flats Plant contributions to radionuclides in regional 
water supplies tlirough airborne emissions were 
estimated in the Plant Environmental Impact 
Statcment.(US80a) These contributions were 
insignificant compared t o  contributions froin fall- 
ou t  and natural background. 

Water samples were collected weekly during 1987 
from Great Western Rcwrvoir. a water supply for 
tlic city of Broonificld. and from Staidley Lake. 
a water supply for thc city of Westmuister and 
portions of the cities of Thornton and North- 
glcnn. The weekly samples were coinposited into a 
niontlily saniplc. and analyses were performed for 
plu tonitrrn. tiranitmi, ami americium concentra- 
tions. Tritiiini analysis was conducted for each 
weekly sani plc. Annunl grab samples were also 
collc ctc d from t hrce rcgional rescrvoirs (Rals t on. 
Dillon. and Boulder) and the South Boulder 
Diversion Canal a t  distances ranging from 1.6 to  96 
kilomctcrs ( 1 to 60 miles) from the plant. These 
samples wcrc collcctcd to determine background 
data for pI 11 toni uiii . uranium. americiiiiii. and 
tritium i n  water. These data arc presented in 
Tables 25 and 36. 

. 
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R cgional Water Mon it0 ring/ R F P - E N V -8 7 

TABLE 25. Plutonium, Uranium, and Americiuni Conccntrations in Public Water Supplies 

Numbcr of 
Cmwn ___ Ctnu - Location Analyses Cmin -__ - -- -- 

Reservoir 

Boulder I -0.002 f 0.03 -0.002 f 0.03b -0.002 f 0.03’ 
Dillon 1 -0.01 1: 0.02 -0.01 i 0.02 -0.01 20.02 

Plutonium Concentration (X 1w9 pCi/m!#‘ -- -. - _____ 

Great wcstcm 12 -0.002 i 0.005 0.04 i 0.06 0% f 0.01 
Ralston 1 -0.001 i 0.03 -0.001 i 0.03 -0.001 f0.03 
South Boulder Diversion Cunal I 0.01 i 0.93 0.01 f 0.03 0.01 fO.03 
Standlcy 12 -0.004 i 0.002 0.004 1- 0.001 0.004 f 0.006 

Drinkine Water 

Arvada 
Boil ldcr 
Broom field 
Dcnvcr 
Goldcn 
Lafaycttc 
Louisvillc 
Tliornton 
Wcstm instcr 

7 
12 
12 
4 ’  
4 
4 
4 
4 

12 

-0.007 i 0.004b 
-0.003 i 0.002 
-0.002 e 0.002 
-0.01 f 0.01 
-0.006 fr 0.01 
-0.02 t 0.01 
-0.007 f 0.01 
-0.01 -t 0.01 
-0.003 t 0.002 

0.01 f0.03b 
0.03 f 0.01 
0.02 io.01 
0.02 t 0.03 
0.01 i 0.02 
0.01 + 0.03 
0.00 f 0.03 
0.002 i 0.03 
0.02 t 0.01 

0.003 i 0.01‘ 
0.004 f 0.006 
0.004 c 0.006 
0.002 t 0.02 
0.002 t 0.01 

-0.001 f 0.01 
-0.005 fO.01 
-0.008 f 0.01 
0.002 ? 0.002 

~ r a n i u n i  Conccntration ( X  10-9  pCi/mvjd - .__ . . -  Rcscrvoir 

Bou ldcr I 0.7 i 0. I b  0.7 r O.lb 0.7 i0.1‘ 
Dillon 1 1.0 ? 0.1 1.0 f 0.1 1.0 f 0.1 
Great \Vestern 12 1.8 f 0 2  4.9 t 0.5 2.5 r 0.1 
Rals ton 1 1.7 t 0.1 1.7 f 0. I 1.7 i 0.1 
South Houldcr Diversion Canal 1 0.4 t 0.1 0.4 i 0.1 0.4 f 0.1 

2.7 f 0.3 1.7 f 0.1 Standlcy 12 0.3 r 0.1 

Drinking Water 

Arvada 
Boulder 
Broom ticld 
Dcnvcr 
Golden 
Lafayette 
Louisvillc 
Thomton 
Wcstminster 

7 
12 
12 
4 
4 
4 
4 
4 

12 

-0.01 f o.o+ 
-0.01 i 0.08 
0.5 i o . l  
0.2 20.1 
0.6 f 0. I 
0.1 f 0.1 

-0.03 i 0.1 
1.1 t 0.2 
0.01 t 0.04 

0.6 
1.2 
1.7 
1.4 
1.8 
0.2 
0.1 
4.6 
1.9 

3. Radiochemically dctcmiined as plutoniunl-239 and -240. The in tcriiii standard calculated 
Derived Concentration Guidc (DCG) for plutonium in watcr available to nicmbcrs of thc 
public is 300 X pCi/mQ. (See Appcndix A, )  

b. Calculated as 1.96 standard deviations of the individual riicasurenicnts 
c. Calculated as l.% standard deviations of the mean. 
d. Radiochemically dctcrmincd as uranium-233, -234. and -238. The interim standard 

calculated &rived Conccntration Guidc (DCG) for uranium in watcr available to riicnibcrs 
of the public is 500 X IO-’ pCi/niV. (Scc Appendix A.) 

e. Radiochemically detcmiincd as ruiicriciuni-241. Thc in tcrini standard calcuhtcd Ikrivcd 
Conccntration Guidc (WG) for amcriciurn in watcr available to mcmkrs of tlic public is 
60 X pCi/mP. lScc Appendix A.) 

f O.lb 
f 0.2 
f 0.2 
i 0.2 
f 0.3 
f 0.1 
i 0.1 
i 0.6 
f 0.2 

0.3 
0.2 
1.2 
0.7 
1.1 
0.2 
0.04 
3.5 
0.6 

f 0.03‘ 
f 0.03 
i 0.2 
f 0.1 
i 0.2 
f 0.1 
?: 0.05 
1: 0.2 
1: 0.1 

PcrLvnt of 
DCG 

<0.001 
<O.oOl 

0.002 
<0.001 

0.003 
0.001 

0.001 
0.001 
0.001 
0.001 
0.001 

<0.001 
<0.001 
<0.001 

0.001 

0.1 
0.2 
0.5 
0.3 
0.1 
0.3 

0.1 
0.04 
0.2 
0.1 
0.2 
0.04 
0.01 
0.7 
0.1 
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TABLE 25. Plutonium, Urar.i!im, and Americium Concentrations in Public Water Supplies (Continucd) 

Number of 
Location A n a l y w  Cinin Cnia, Ciiiean - __ -. - 

Americium ('onccntratlon ( X 1 0-' &/rnVjc - - Reservoir 

Botilder 1 -0.003 t U . 2 b  -0.003 I 0 0 2 b  -0.003 + 0.02' 
Dillon I 0.000 f 0.002 0.000 i 0.02 0.000 * 0.02 

0.002 +_ 0.003 Great We\tern 12 -0.01 ? 0.01 0.02 f 0.01 
Ralston I 0.01 +_ 0.02 0.01 i 0.02 0.01 r 0.02 
South Boulder Diversion C a u l  I 0.02 i- 0.02 0 0 2  F 0 0 2  0.02 i 0 . 0 2  
Standley 12 -0.01 ? 0.01 0.01 i 0 0 1  0.002 I0 .002  

-- - - 

Diinking Wa tcr 

Arvada 
Bou lder 
Uroom ficl d 
Iknvcr 
Golden 
Lafayet tc 
Louisville 
Thornton 
Westin ins ter 

- .. I_ __ -- 
7 

12 
I 2  
4 
4 
4 
4 
4 

12 

-0.01 i0.026 
-0.003 i 0.003 
-0 01 t 001  
-0 006 c 0.02 
-0.002 + 0.02 
-0.303 t 0.02 
-0.004 t 0.02 
-0.0 I L 0.05 
-0.001 i 0.003 

0.02 i 0.02b 
0.02 t 0.01 
0.01 + 0.02 
0 . 0 2  i 0.02 

0.007 I 0.02 
0.04 i 0.02 
0.04 t_ 0.02 
0.06 f 0.01 

0.04 I 0.03 

P 

:I. Radiochemically deterinuied as pltitoniuiii-239 and -240. The interim standard calculated 
Derived Concentration Guide IDCG) for plutonium in w t c r  available to nicmbers of the 
public is 300 X 1 (P9 gCi/niY. (See Appendix .4.) 

b. Calculated as 1.96 standard deviations of the individual nicasuremcnts. 
c. Calculated as 1.96 slandard deviations of the mean. 
d. Radiochemically determined as uranium-233, -234, and -238. The interim standard 

calculated Derived Concentration Guide (DCG) for uranium in water available to  members 
of the public is 500 X 

e. Radiochemically determined as americium-241. The interim standard calculated Derived 
Concentwtion Guide fDCG) for americium in water available to niembers of the public is 
60 X IO-' pCi/mQ. (See Appendis A.) 

pCi/mY. (See Appendix A.) 

0.005 i 0.004' 
0.005 i 0.001- 
0.002 t 0.002 

0.02 i 0.02 
0.001 k O . 0 2  
0.01 ?. 0.02 
0.01 i 0.02 
0.007 k 0.003 

o m 7  _+ 0.02 

<0.001 
<0.001 

0.003 
0.02 
0.03 
0.003 

0.008 
0.008 
0.003 
0.0 I 
0.U3 
0.002 
0.02 
0.02 
0.0 I 

i 
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TABLE 26. Tritium Concentrations in Public Water Supplies 

hiumbcr of Analyscs 'm in 'mean Pcrccnt of W C  

Tritium Conccntration (X IO9 pCi/mY)" 

I 400 f 400b 400 t 400b 400 + 4OOc 0.02 
1 700 f 400 700 t 400 700 t 400 0.04 

4 8  -700 f 100 800 t 500 1OOc  6 0  0.005 
I 200  f 400 2 0 0  f 400 200 c 4 0 0  0.01 
1 300 f 400 300 f 4 0 0  300 c 4 0 0  0.02 

48 -300 fr 100 500 f 6 0 0  100 f 60 0.005 

Loca tion 

Reservoir 

Boulder 

Great Wcstern 
Ralston 
South Bouldcr Diversion Canal 
Standley 

Drinking Water 

Arvada 
Boulder 
Broom field 
Denver 
Golden 
Lafayette 
Louisville 
Thornton 
Westmins ter 

j_ Dillon 

4 
48 
48 

4 
4 
4 
4 
4 

48 

0 t 400b 
-700 f 100 
4 0 0  f 100 
-300 t 4 0 0  
-300 t 4 0 0  
-200 f 2 0 0  
-100 +_ 2 0 0  
100 f 2 0 0  

-600 5 100 

900 ? 500b 
900 f 500 100 f 6 0  

1020 c 500 100t 6 0  
700 t 500 100 5 210 

0 t 4 0 0  -200 f 210 
700 r 4 0 0  200 f 210 
500 f 4 0 0  200 t 210 

2000 t 500 700 f 2 2 0  
800 i 500 1002 130 

400 t 220" 

a. The DerivedConcentntion Guide (DCG) for tritium in watcr availabk to rncmbcrs of thc public 
is 2,000.000 X lo4 pCi/mQ. The EPA and State of Colorado Priniury Drinking Water Rcgulation 
h i i t s  for tritium are 20,000 X 10' pCi/niQ. 

b. Calculated 3s 1.96 standard deviations of thc individual mcasurenicnts. 
c Calculated as 1.96 standard deviations o f  the incan. 

0.02 
0.005 
0.005 
0.005 

<o.oo 1 
0.01 
0.01 
0.04 
0.005 

Drinking water from Boulder, Broom field, and 
Westminster was collected weekly. preserved. 
composited monthly, and analyzed for plutonium, 
uranium, and americium. Tritium analyses were 
performed on weekly grab samples. Quarterly g a b  
samples of tap water were collected from the 
surrounding communi ties of Arvada, Denver, 
Golden, Lafayette, Louisville, and Thornton. 
Samples were analyzed for plutonium, uranium, 
americium, and tritium. These data are presented 
in Tables 25 and 26. 

Evaluation of the regional reservoir and drinking 
water data indicates no unusual results. The 
plutonium, uranium, americium, and tritium 

- concentrations for the regional reservoirs repre- 
sented a small fraction (0.5 percent or less) of the 
DOE Derived Concentration Guides (DCGs). The 
average plutonium concentration in Great Western 
Reservoir was 0.007 X loe9 pCi/mQ (2.6 X 
Bq/Q). This value is in the range of concentrations 
predicted for Great Western Reservoir in the 
Plant Environmental Impact Statement. (US80a) 
The values given in the Environmental Impact 

Statement are based on known low-level plutonium 
concentrations in the reservoir sediments. Results 
of the 1987 plutonium. uranium. americium. and 
tritium data for drinking water in nine communities 
were within the background range. All drinking 
water values were 0.7 percent or less of the 
applicable DCG. 

Drinking water standards have been adopted by the 
State of Colorado(Co77, Co81) and the Environ- 
mental Protection Agency (EPA)(US76a) for alpha- 
emitting radionuclides (excluding uranium and 
radon) and for tritium. These standards are 15 X 
lo-' pCi/mQ and 20,000 X pCi/mQ (5.55 X 
lo-' Bq/Q and 740 Bq/Q) respectively. During 
1987, the sum of the average concentrations of 
plutonium and americium (alphaemitting radio- 
nuclides) for each community tap water location 
was 0.022 X pCi/mP (8.1 X Bq/Q) or 
less. This value is 0.1 percent or  less of the EPA 
and State of Colorado drinking water standard for 
alpha activity. The average tritium concentration 
in Great Western Reservoir, Standley Lake, and in 
all community tap water samples was 700 X lo-' 
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Locat ion 

1-018 
1-036 
1-054 
1-072 
1-090 
1-108 
1-1 26 
1-144 
1-162 
1-1 80 
1-198 
1-2 16 
1-234 
1-252 
1-270 
1-288 
1-306 
1-324 
1-342 
1-360 

2-018 
2-036 
2-054 
2-0 72 
2-090 
2-1 08 
2-1 26 
2- 144 
2-162 
2-180 
2-198 
2-216 
2-234 
2-252 
2-270 
2-288 
2-3 06 
2-3 24 
2-342 
2-360 

TABLE 2 7 .  Plutonium Concentrationa in Rocky Flats Area Soil 
Samplesb at One and Two Miles From the Plant Center, 1984-1987 

i~ Not blank corrected. 
b. Sampled to a depth of 5 cm. 

1984 
pu tPCcil& 

0.08 i 0.02d 
0.03 t 0.01 
0.00 f 0.01 
0.06 f 0.05 
7.7 f 0.5 

15.0 f 0.9 
2.1 f 0.1 
0.29 f 0.03 
0.14 +? 0.02 
0.09 f 0.02 
0.22 f 0.03 
0.05 +_ 0.02 
0.13 i 0.02 
0.1 7 t 0.02 
0.06 f 0.02 
0.04 t 0.01 
0.14i 0.02 
0.13 t 0.02 
0.04 t 0.01 
0.10+0.02 

0.OOf 0.01 
0.02 f 0.01 
0.03 f 0.01 
0.40 i 0.04 

10.0 t 0.6 
0.46 0.04 
0.14 f 0.02 
0.02 i 0.01 
0.00 f 0.01 
0.02 f 0.01 
0.05 f 0.02 
0.04 t 0.01 
0.04 f 0.01 
0.09 f 0.01 
0.04 i 0.01 
0.01 f 0.01 
0.00 f 0.01 
0.08 i 0.02 
0.13 2 0.02 
0.02 t 0.01 

1985 
pu (PCi/S)C 

0.15 % 0.02 
0.08 f 0.01 
0.02 f 0.01 
0.32 f 0.03 
1.0 f 0.09 

1.9 f 0.17 
0.32 f 0.03 
0.1Of 0.01 
0.06 f 0.01 
0.16 t 0.02 
0.05 f 0.01 
0.05 i 0.01 
0.14f 0.02 
0.072 0.01 
0.05 t 0.0 1 
0.09 f 0.01 
0.15 f 0.02 
0.02 f 0.01 
0.11 % 0.01 

0.04 t 0.01 
0.02 % 0.0 I 
0.03 t 0.01 
0.33 t 0.03 
2.5 f 0.25 
0.41 f 0.04 
0.42t 0.04 
0.04 f 0.01 
0.01 f 0.00 
0.11 f 0.01 
0.02 f 0.0 1 
0.04 t 0.01 
0.05 f 0.01 
0.04 t 0.01 
0.04 t 0.01 
0.04 f 0.01 
0.06 i 0.01 
0.04 f 0.01 
0.13 f 0.01 
0.09 f 0.01 

13.0 f 1.3 

1986 
pu (PCi/g)C 

0.15 f 0.02 
0.1OfO.02 
0.04 f 0.01 
0.63 t 0.06 
7.4 f 0.62 

1.9 f 0.18 
0.27 t 0.02 
0.08 t 0.01 
0.06 f 0.01 
0.16 i 0.02 
0.10 +_ 0.01 
0.04 + 0.01 
0.1 1 f 0.01 
0.08 2 0.01 
0.05 f 0.01 
0.17 i. 0.02 
0.21 i 0.02 
0.03 t 0.01 
0. I9 f 0.02 

0.03 i 0.01 
0.07 i 0.01 
0.05 f 0.01 
0.23 f 0.02 
5.3 t 0.48 
0.46 r 0.04 
0.44 f 0.05 
0.04 t 0.01 
0.02 i 0.01 
0.04 f 0.01 
0.08 + 0.01 
0.06 f 0.01 
0.05 f 0.01 
0.07 i 0.01 
0.06 t 0.01 
0.05 f 0.01 
0.02 f 0.01 
0.09 f 0.01 
0.1 2 f 0.01 
0.05 t 0.0 1 

15.0 t 1.4 

c. Concentrations arc for the fraction of soil measuring less than 2mm in diameter. 
d. Error term represents 2 standard dcviations. 

1987 
pu ( P C W  

0.18t0.02 
0.06 f 0.01 
0.04 t 0.01 
9.5 1 f 0.05 
7.05 +_ 0.77 
2.31 f 0.21 
2.75 f 0.28 
0.36 t 0.04 
0.17f0.02 
0.10 2 0.01 
0.21 f 0.02 
0.16 t 0.02 
0.05 f 0.01 
0.21 f 0.03 
0.09 f 0.01 
0.06 i. 0.01 
0.21 i 0.03 
0.24 f 0.03 
0.03 t 0.01 
0.16 f 0.02 

0.04 5 0.01 
0.10 t 0.01 
0.10 t 0.01 
0.36 f 0.04 
4.48 f 0.52 
0.57 0.06 
0.40 f 0.04 
0.08 f 0.01 
0.03 t 0.01 
0.03 t 0.01 
0.14 f 0.02 
0.07 0.01 
0.07 t 0.01 
0.06 f 0.01 
0.08 t 0.01 
0.13 f 0.02 
0.08 f 0.01 
0.08 f 0.01 
0.14t 0.02 
0.08 2 0.01 
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pCi/m!? (26 Bq/Q) or less. That value represents 
3 .5  percent o r  less of the State of Colorado and 
EPA Drinking Water Standard for tritium.(Co81, 
US76a) 

G. Soil Sampling and Analysis 

Forty soil samples were collected in September 
1987 a t  radial intervals of  approximate distances of 
1.6 and 3.2 kilometers (1 and 2 miles) from the 
center of the plant. The soil samples were collected 
by driving a 10 X 10 centimeter (4 X 4 inches) cut- 
ting tool 5 centimeters (2 inches) in to  undisturbed 
soil.(Ro86) The soil sample within the tool cavity 
was collected and placed into a new one-gallon 
metal can. Five subsamples were collected from 
the corners and center of two one-meter squares. 
which were spaced one meter apart. Each set of 
ten subamples was composited for the plutonium 
radiochemical malysis. 

The 1987 soil plutonium data are summarized 
in Table 27 and displayed in Figure 13. The con- 
centrations of soil plutoniuni a t  the 1.6 kilometer 
( 1  mile) distance from the plant center ranged 
from 0.03 t o  7.05 pCi/g (1.1 1 t o  26 1 Bq/kg). The 
concentrations of soil plutonium for the 3.2 kilom- 
eter (2 mile) samples ranged from 0.03 to 4.48 
pCi/g ( 1 . 1  1 t o  166 Bq/kg). The maximum phito- 
nium values were found in the soil saiiiples from 
the eastern portion of the buffer zone. These 
sample locations are east and southeast (generally 
downwind) of the major source of plutonium 
contamination a t  the 903 Pad Area. The plutonium 
concentrations measured in  1987 were similar to 
the values measured in 1984, 1985 and 1986. 
Data for 1984, 1985 and 1986 are included in 
Table 27 for comparison. Variability in concen- 
trations from year t o  year for sampling a t  the same 
site is to be expected. Samples are collected from 
the area around a sampling location, never more 
than 100 feet from the located sampling point. To 
sample the same location exactly from year t o  year 
is not desirable. since that location would have 
been disturbed by the previous years sampling. 
Since the sampling from year t o  year is from slightly 
different locations. the effect of non-uniform 
deposition by wind. redistribution of plLttonium by 

- 

erosion o r  faunal activities, and sampling and 
analytical error will all contribute t o  variability. 

H. External Gamma Radiation Dose Monitoring 

Thermoluminescent dosimeters (TLDs) are used to  
measure external penetrating gamma radiation 
exposure a t  47 locations on and off the plantsite. 
Replicate TLDs are located a t  each site. All TLDs 
are exposed for three months. The TLDs arc 
placed at  19 locations within the propcrty enclosed 
by the security fence. Measurements are also 
made a t  16 perimeter locations 3 t o  6 kilometers 
(2 to 4 miles) from the center of the plant and in 
12 communities located within 50 kilometers (30 
miles) of the plant. The TLDs are placed at a height 
of 1 meter (3 feet) above ground level. 

During 1983, conversion from a Harshaw TLD 
system to a Panasonic system was initiated. For 
one complete calendar year. two TLDs of each 
type were used at  each monitoring Iccation. 
Beginning in 1984. only the Panasonic TLDs were 
used. 

The environniental TLDs consist of  two Panasonic 
802 dosimeters. each of which has four elements. 
Only one of the elements of each dosimeter is 
used. This element consists of calcium sulfate. 
thulium drifted (CaS04 :Tal). deposited on a 
polymid surface. The phosphor is covered with a 
clear tcflon and backed with an opaque ABS 
plastic. The TLDs are packaged in a small plastic 
bag. a paper envelope, and another plastic bag t o  
protect them from the weather. Total filtration 
over the phosphor is 178.5 mg/cm2. 

The environmental dosimeters have been indi- 
vidually calibrated (three times each) against 
an onsite Cs- 13 7 gamma calibration source. 
Calibration linearity studies have confirmed that 
TLD response is linear for exposure levels ranging 
from 10 mrem to 1000 mrcm. Thc mean calibration 
factor for each dosimeter is applied to measurements 
taken with tlia t dosimeter. An additional correc- 
tion is applied to  correct for day to  day variations 
in reader calibration. 

It was detcrniined that a statistically significant 
(p=O.OS) diI'ference in response exists between the 
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.oa 

- 

0.08 0.04 

0.08 0.14 
PLANT BOUNDARY 

0.16 0.18 
0 .  0.10 0.03 

0 0.24 0.06 

0 2 1  0 04 a 

0.06 

ROCKY FLATS 

c 

0 
2 7 5  0 

0 0 5  

PLANT BOUNDARY 0 0 
0.08 0.40 

1.36 

1.48 

1.57 

FIGURE 13. Plutonium Concentrations in Soil 
(Vaiues in Picocuries Per Cram) 
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TABLE 28. Environrnen tal Themdunlinescent Dosimeter Measurements 

95% Confidcncc Interval 
Mean Annual 95% Confidence Interval on an 
Mcasured Dose on the Mcan Individual Mcasu remcnt Location Nuinbcr of Numbcr of 

Category L o ~ x  t ions Mcasu rcnicnts (mrcni)a (mrcm)” (rnrcmj” 

Onsitc 19 
Pcrinietcr 16 

Coinniunity 12 

100 
66 
51 

153 
138 
157 

l r4  
* 4  
lr6 

i 36 
L 29 
t 4 3  

~ 

;L Third quarter nieasurenicnts were not used in calculating thc mean nicasured 

b. Calculated ;is 1.96 standard deviations of thc inean. 
c. Calculated as 1.96 standard deviations o f  the individual nicasuremcnts 

dose for each location category. 

Harshaw environmental monitoring system used 
prior t o  1984. and the Panasonic cnvironmcnt:il 
monitoring systems used beginning i n  1984. 
I n  order t o  compare the 1987 valiics with the 
previously reported Harshaw data. it is necessary 
to  multiply the Panasonic results given in Table ‘78 
by 1.046. 

The annual dose equivalent for each location 
category was calculated by determining the average 
nirem/day for each of  the tlircc categories using 
data from Quarters 1. 2. and 4. These values were 
then multiplied by 365.25 to  obtain yearly totals. 
The dosimeter data collected during Quarter 3 were 
invalidated due to  a Panasonic reader malfunction. 

In previous Annual Reports, the Annual Measured 
Dose was reported with a 9 5  percent confidence 
interval on  the mean using the standard error of 
the mean, calculated from the variance of the 
individual measured values. Beginning in 1985, 
the 95 percent confidence interval o n  an individual 
observation within each location category - calcu- 
lated as I .96 standard deviations - was added to  
the report. This latter interval may be used for 
assessing the variability of  the individual location 
measurements within a location category. 

The 1987 cnvironmen tal incasuremen ts using TLDs 
‘: are summarized in Table 28. The average annual 

dose equivalents. as nicasured onsitc. i n  the 
perimeter cnvirons. and in communities. were I 53. 
138. and 157 mrcni (1.53. 1.38. and 1.57 niSv). 
respectively. These values arc indica tivc of back- 
ground radiation in the area. 

V. ASSESSMENT OF POTENTIAL 
PLANT CONTRIBUTION T O  

PUBLIC RADIATION DOSE 

In August 1985, the Department of Energy (DOE) 
adopted ;in interim radiation protection standard 
for DOE environmental activities t o  be implcmcnted 
in CY 1985JVa85) This interim standard incor- 
porates guidance from the National Council on  
Radiation Protection and Measurements (NCRP), 
;is well as the Environnicn tal Protection Agency 
Clean Air Act air emission standards ;is implemented 
i n  40 CFR 61. Subpart H.(US83. US85) Included 
i n  the in tcrim standard is a revision of the dose limits 
for mcnibcrs of the public and tables of radiation 
dose conversion factors to be used for calculating 
close from intakes of radioactive materials. The 
close factors ;ire b:iscd on the International 
Commission on Radiological Protection (IC RP) 
Publication 30 Iiicthotiology for radiation dosimetry. 
The DOE interim stnndarcl and the dose conversion 
factor tablcs have bccn iiscd in this 1987 “Anniial 
Environmental Monitoring Report” for assessment 
of the potential Rocky Flats Plant contribution to  
public radiation close. As in past Annual Reports. 
the dose limits and dose conversion factors used 
;ire specified. :ind comparisons can be made with 
intormation i n  past Annual Reports t o  determine 
the magnitude of the changes. 

Po ten tial p ti bl ic radia t ion d osc coni mi t iiic ti ts. 
which could have restilted from plant operations. 
were calcula tcd from :ivcriigc riidionuclicle COIICC‘II- 

trations nie3surccl a t  the DOE property bounckiry 
and in surroiintlin:! cotiiiii uni tics. I n  hala tion. w;i tcr 
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TABLE 29. Isotopic Composition of Plutonium Used at the Rocky Flats Plint(US80a) 

Relativc Wcight Specific Activity Rchtivc Activity" 
Isotopc (Pcrcen t) (Ci/!4 CCilg) 1;raction ol'Pu Alpha Activityb 

Pu-23 8 0.01 17.1 0.00171 0.0233 
PU-239 93.79 0.0622 0.05834 0.7962 
PU-240 5.80 0.228 0.01322 0. I 8 0 4  
h - 2 4  1 0.36 1 0 3 . 9  0.3 7260* 5.085* 
Pu-242 0.03 0.00393 1.18 X 1.61 X loas 

*Beta Activity. 

a. Obtained by multiplying the pcrccnt by wcight by the spc~ i f i c  activity. 
b. Obtained by dividing the relativc activity by the sum o f  thc rclativc activitics for thc plutonium alpha cmittcrs. 
c The value for Am-241 is taken to be 20% of?hc plutonium alpha activity. 

Am-241 - - - 0.20c 

TABLE 30. Dose Conversion Factors Used in Dose Assessment Calculations 

Inlialation"* b Water Ingestiona* Ground-Plane Irradiationd 

rcni~millilitcr remsquarc mctcr 
niicrocu ric --- 

U-233, -234, -238 Pu-239, -240 A I ~ - 2 4  I ______ 

rcm~niillilitcr 
niicrocuric 

_____.- 

__ . 
A111-24 1 ---- --- Orpiin Pu-239. -240 PU-239, -240 

- -~ 
Effectivc Dosc Equivalent 5.57 X 10" 3.14 X I O s  1.63 x IO6 1.68 X IOs 8.92 x 10-5 3.05 x 10-3 

Livcr 2 .17  x 10'3 1.17 X IO6 6.21 X 10" ( C )  4.85 Y 1.78 x 10-3 

Lung 1.06 x 10" ( 0 ( 1') ( fj 1.20 x 10-5 2.01 x 10-3 

Uonc Surfxcs 1.02 x I O f i 4  5.69 X IO6 2.97 x 1 0 7  2.70 X I O 6  2.01 x 1 0 - 5  3.69 X 

a. Inhalation and water ingestion dosc convcrsion factors wcrc adopted froin DO1 and are for a 50-ycar dosc commitmcnt 
pcriod and a I-pni Activity Median Acrodynamic Dininctcr (AMAD) particle sizc.Na85) GI absorption fractions and 
lung clcarancc classes werc choscn to niasiinizc the dosc convcrion factors. 

b. An inhalation rate of  2.66 X IO2 riiP/s for I year was assumed. 
c. A watcr intakc r3tc of 2 x IO3  mV (2.1 quarts) pcr day for 1 ycar was assumcd. 
d. Ground planc irradiation dosc conversion factors were adopted froin D. <'. Koclicr.(Ko81, Ko83) F o r  Pu-239, -240,  

the higher o f  the factors for the two isotopcs was uscd. 
e. The liver reccivcs no significant dosc froni this pathway. 
f. The lung receivcs no significant dosc froni this pathway. 

ingestion. and ground-plane irradiation arc the 
principal pathways of exposure. Swimming and 
consumption of foodstuffs are insignificant path- 
ways. This latter finding is t o  be expected because 
of limited swimming and fishing in the area and 
because most locally consumed food is produced a t  
considerable distances from the plant. 

The dose assessment for 1987 was conducted for 
several locations: the Rocky Flats Plant property 
(site) boundary, nearby communities, and sites to a 
distance of 80 kilometers (50 miles). Dose conver- 
sion factors used for the inhalation and water 
ingestion pathways were derived from the tables 
provided by DOE.(Va85) The relative abundances 
of plutonium and americium isotopes in plutonium 

used a t  Rocky Flats (shown in Table 29) were used 
to calculate composite dose conversion factors 
for inhalation. The fractions of ingested 
radionuclides that are absorbed from the gastro- 
intestilia1 tract and the lung clearance classes for 
inhaled radionuclides were chosen to  maximize 
the associated dose conversion factors. The 
inhalation rate of 2.66 X lo4 m3/s  and the 
water ingestion rate of  2 liters (2.1 quarts) per day 
were derived from data for reference man and - 
were included in the factors.(In75) Each of  these 
dose conversion factors is for a 50-year dose - 
commitnient from one year o f  chronic exposure. 
Ground-plane irradiation dose conversion factors 
are from published data by D. C. Kocher.(Ko81, 
Ko83) The dose conversion factors used in this 
rcport are listed i r i  Table 30. 
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A. Dose Assessment Source Terms 

Plutoniuni and americium in the Rocky Flats 
environs are the combined result of fallout deposi- 
tion from global atmospheric nuclear weapons 
testing and past releases from the plant. Uranium, 
a naturally occurring element, is indigenous to  
many parts of Colorado and also is used in plant 
operations in various isotopic ratios. Tritium, a 
radionuclide formed by natural processes, also is 
associated with plant operations. 

Inhalation source terms for the 1987 dose assess- 
ment were based on plutonium-239 and -240 
concentrations measured in ambient air samples. 
Although it is known that much of this plutonium 
in air is from residual fallout from past global 
atmospheric weapons testing, for  the purpose of 
this dose assessment it was assumed that all of the 
plutonium originated from the Rocky Flats Plant. 
The ingestion source terms were based on measured 
concentrations of plutonium, americium, uranium, 
and tritium in water. The ground-plane source 
terms were based on measured values of plutonium 
in soil and an assumed ratio of 0.20 for the ameri- 
cium t o  plutonium alpha activity in the soil. This 
ratio is the maximum level of americium in-growth 
from Rocky Flats Plant plutoniiun.(US80a) 

The maximum plant site-boundary dose assessment 
assumes that  an individual is continuously present a t  
the plant perimeter, which actually is uninhabited. 
The plutonium inhalation source term of 2.4 X 
lo-" ,uCi/mi!(8.9 X Bq/m3> was the niaximum 
annual average concentration of plutonium-239 
and -240, as measured for a single location in the 
perimeter ambient air sampling network. 

The water supply for the individual a t  the site 
boundary was assumed t o  be Walnut Creek, which 
intermittenly flows offsite and provides the liquid 
effluent source term at the site boundary. During 
1987, the plutonium concentration in Walnut Creek 
averaged 2 X IO-" pCi/mB (7 X Bq/Q). The 
average americium concentration was 1 X lo-" 

' pCi/mi! (4 X BqjQ). These concentrations 
were used as the water ingestion source term for 
the maximum site boundary dose assessment. The 
average concentration of uranium in Walnut Creek 
was 3.8 X pCi/mQ (1.4 X lo-' Bq/V) while 

the average concentration in incoming raw water 
was 9.4 X lo-'' pCi/mQ (3.5 X Bq/Q). The 
source term for uranium ingestion was the 
difference between these two values [2.9 X 
pCi/mll (1.1 X IO-' Bq/i!)l, The average tritium 
concentration ir. Walnut Creek was4 X lo-' pCi/mQ 
(14.8 Bq/Q), which is within the background range 
typically meascred in regional waters. This con- 
centration of tritium is an insignificant contributor 
to dose. Tritium in the water was, therefore, 
omitted from the dose assessement. 

The  ground-plane irradiation source term is based 
on the maximum plutonium in soil deposition a t  
the plant perimeter, as reported by the Environ- 
men tal Measurements Laboratory.( US70) This 
source term is 3 X pCi/m2 (1 X I O 3  Bq/m2). 
The americium is assumed t o  be present at an alpha 
activity level of 2 0  percent of that of the plutonium 
which is the maximum quantity of americium that 
can be prcsent i n  Rocky Flats Plant plutonium from 
the decay of pIutoniurn-24 I .(US80a) Thcarncricium 
source term, therefore, is conservatively estimated 
t o  be 6 X 

. 

pCi/m2 (2 X I O 2  Bq/mZ). 

Source terms and corresponding dose commitments 
were evaluated for each of the surrounding com- 
munities to determine the maximum community 
exposure. Ground-plane irradiation and water 
ingestion pathways were insignificant for all of the 
communities. The only significant pathway for 
radiation exposure was inhalation of plutonium in 
air. The source term for inhalation used in the 
dose assessment was the maximum annual average 
plutonium concentration measured in community 
ambient air [2.6 X pCi/mQ (9.6 X lo-' Bq/ 
m 3 ) ] .  This concentration was the annual average 
concentration measured in the Golden ambient 
air sampler. 

A summary of the source terms for  the maximum 
site boundary and for community locations is 
tabulated in Table 3 1. 

B. Maximuin Site Boundary Dose 

The maximum dose to  an individual continuously 
present at the site boundary is based on the radio- 
nuclide concentrations shown in Table 3 1 .  From 
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TABLE 31 . Radioactivity Concentrations Used l'or I987 Dose Calculations 

I\ ir W:i tc r Surl'acc Ikposi tion 
( pCi/m ) . _  (pCi/iiiv) (pCi/mV) -- 

Pu-239. -240 Pit-239. -240 /\lll-24 I U-233. -234 I'u-239. -240 AIII-24 I ..-- Loci~ t ioi i  --- 
M a \  in1 tin1 Si tc Boundary 2.4 x lo-" 2.0 x lo-" 1.0 x lo- ' !  2.9 x IO'" 3 x 1 0 - 2  t i x  1 0 - 3  

- - - - Coiiiinicn i ty 2.6 x 10-17 

TABLE 32. Fifty-Year Commilted Dose 13quivalent From Otie Year of Chronic Intake/Exposurc 

I..ffcctivc lhs I<qiiiv:ilcnt Liver Donc Surfaces Lung 
Source ( rciii) ( rem j (win j f rcni ) - 

6.6 X IO-' 6.2 x 10-4 1.1 x 10-2 Ma\ iiii uiii Si  tc I3oundIiry Loca t io i i  
1.4 X 10P 5.6 x 10-4 2.7 x I U - '  Comiii ti nit  y 

2.7 x 10-4 
2.8 x 10-4 

these concentrations and the dose conversion 
factors in Table 30, a SO-year dose commitment of 
6.6 X lo-' reni (6.6 X Sv) is calculated as the 
effective dose equivalent from all pathways. The 
corresponding bone surf;ices dose is I .1 X 1 0-2 
rem ( 1 .  I X Sv). The Department of Energy 
(DOE) interim radiation protection standard for 
inembers of the public for prolonged periods of 
exposure IS 0.1 rem per year ( 1  X Sv per year) 
effective dose equivalent. The interim standard for 
the air pathway only is 7.5 X rein per year 
(7.5 X 1 0-4 Sv per year) for any organ for internally 
deposited radionuclides.(Va85) The maximum 
site boundary dose represents 0.66 percent of the 
standard for all pathways for the effective dose 
equivalent. I f  all of the dose were received from 
the air pathway, it would represent lcss than 15 
percent of the air emission standard for any organ. 

C. Maximuin Community Dose 

Based on radionuclide concen trations in surround- 
ing communities (Table 31 ), the calculated 50-year 
dose commitments are 1.4 X 
Sv) effective dose equivalent and 2.7 X IOd3 rem 
(2.7 X Sv) t o  bone surfaces. These values 
represent 0.14 percent of  the DOE interim standard 
for effective dose equivalent and 3.6 percent of the 
air emission standard for any organ. 

rem (1.4 X 

The maximurn site boundary and community 50- 
year committed dose equivalents are summarized 
in Table 32. The effective dose equivalents may 

TABLE 33. Estimated Annual Natural Background Radia- 
tion Dose for the Denver Metropolitan Area(Na87) 

Cosiiiic K;idiaiion 0. os 0 
Cosmogcnic Nuclides 0.00 1 
Priiiiordial Nuclidcs-l,i tcrr;nl 0.06 3 

n.219 Primordial N u c  lidcs-lnrcrna I 

Total for fine year (rounded) 0.3 5 
.- 

be compared t o  an average annual effective dose 
equivalent for the Denver area of about 3 .5  X lo-' 
rem (3.5 X Sv) from natural background 
radiation.(Na87) (See Table 33.) This natural 
background radiation level for Denver is higher 
than that shown for the total body in past Annual 
Reports prior to 1985 and also higher than that  
shown for effective dose equivalent in the 1985 
and 1986 Annual Reports. The level reflects the 
most recent assessment of natural background 
radiation exposure of the population of the United 
States by the National Council on Radiation 
Protection and Measurements (NCRP). It includes 
the significant contribution t o  effective dose 
equivalent from inhaled indoor radon. as well as 
the adoption of the ICRP 30 methodology of 
radiation dosimetry. The cosmic radiation and 
external primordial nuclides sources shown in 
Table 33 reflect the regional dose levels for the 
Denver area which result from Denver's higher 
elevation and greater concentrations of naturally- 
occurring radioactive materials in soil. The internal 
primordial nuclide source includes the average dose 
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from indoor radon estimated by tlic NCRI’ for the 
cntirc United States. Studies arc  now being con- 
ducted by the EPA and others to determine any 
regional diffcrenccs in indoor radon doses that inay 
exist. Once tlicsc studies arc coniplctccl, the 
est i ni;i tcs of ii;i t Lira I 1x1 c kgro 11 ti d r;i d ia t io ti il oscs 
for the Denver area iiiay be niotlifictl again to 
rcl’lcct indoor radon doscs that ;ire specific to this 
region. 

D. Eighty-Ki!otiieter Dose Estimates 

The dose commitment for all individuals, t o  ;I dis- 
tmcc of 80 kilometers (50 miles), is based on the 
calcu la tcd maxim urn coni muii i ty  dose cs t inia  tcs 
showti in Table 32. The cstiinatcd comniittcd 
effective dose cquivaicnt is ~css t i iai i  I x I O - J  rem 
or 1 mrem ( 1  X IO-’ Sv). A level of “1  mrcm/yr” 
or Iess is specified as a de rniiririzis (inconsequential) 
level of exposure in the DOE Guide entitled, “A 
Guide t o  Reducing Radiation Exposure to As Low  
As Reasonably Achievable (AILARA).”( US8Oh) 
The Guide further states: 

*‘ Ro tl i;i t i  on- in  duce tl m L! t;i t ions an d cI i  se ;isc s 
llavc not been discovered i n  populations 
that are or have bccn cxposc.cl to doses of 
100 mrcm/yr or  less. Hence, i t  IS reason- 
able  to suggest that no health effects wil! 
be discernecl i t  a population is exposed to 
an  ;idditional 1 percent of the level: IX . ,  

1 mrcm/yr. An annu:il dosc of 1 mrcm 

shoultl hc rcgartlctl as a lcvci which is 
clearly dc minimis.” 

Busccl on the tic rnitzimis concept in  the Guide and 
o n  thc maximum community dose estimates, the 
dose conimitmcnt for all individuals t o  80 kilom- 
eters is consitlcrctl to  he dc~ minimis. 

The E nviron nicn t ai P r o  tcc t io t i  ,4gc ncy E PA ) 
rcquircs that approved EPA procedures Ix used t o  
demonstrate compliance with its radioactivity 
Lrir emissions standards found in 40 CFR 61 , 
Subpart I-]. At the writing o f  this Report, the 
only procedure for which the EPA has publishcd 
approval is moclcling of radioactivity ,iir emissions 
data using the AIRDOS-EPA atmospheric 
dispcrsion/racliation dosc calculation com puter 
cotlc:(US85) The Rocky Flats Plant is seeking 
EPA approval fbr using cnvironmcnt;il (anibicntj 
s;i::ipling as the basis for dcmonstrating com- 
pliance with 40 CFR 61, Subpart H. This is the 
prc;cedurc that is described above for calculating 
projecled radiation doses to the  public. Pencling 
EPA approval of this proceclure, the AIRDOS- 
EPA computer code also has been usccl to 
calculate pi‘yjcctecl radiation doses to the puhlic 
as ;I result of air emissions of radioactive materials 
froin the Rocky Flats I’lant. The results 01’ this 
computer code calculation confirm that the 
niaxiniuni radiation dose to a member of the 
public as a result of exposure to airborne raclio- 
activity froin the Rocky Flats Plant in  1087 is 
less than 1 mrcm effective close equivalent. 
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VI. APPENDIXES 

APPENDIX A 
APPLICABLE GUIDES AND STANDARDS 

The Rocky Flats Plant Environmental IMonitoring 
Program includes evaluating plant comp,liance with 
all relevant guides, limits, and standards. Guide 
values for radionuclides in ambient air and water- 
borne effluents have been adopted by the 
Department of Energy (DOE), the Colorado 
Department of Health (CDH), and for the air path- 
way only by the Environmental Protection Agency 
(EPA).(Va85, Co78) The guides are based on 
recomrnenda tions published by the In iternational 
Commission on Radiological Protection (ICRP) and 
the National Council on Radiation Protection and 
Measurements (NCRP). Ambient air data for 
nonradioactive parameters is collected at the Rocky 
Flats Plant ior comparison to the criteria pollutants 
listed under the EPA National Ambient Air Quality 
Standards, established by the Clean Air Act.(US8 15) 
Instrumentation and methodology follow require- 
nients established by EPA in the Quality Assurance 
Handbook for Air Pollution Measurement 
Systems.(US76b) Limits for nonradioactive pollu- 
tants in effluent water have been defined by an 
EPA National Pollutant Discharge E.limination 
System (NPDES) discharge permit.(U:S84a) In 
1976, the EPA also established standards for 
radionuclides in drinking water.( US76a) These 
drinking water standards have been adopted, in 
turn, by the State of Colorado.(Co77, C08l )  In 
1973, Colorado first enacted the Colorado Water 
Quality Control Act.(Co73) Standards for imple- 
mentation of this Act were first enacted in 1974 
and currently include provisions for protection of 
Colorado waterways from both radioactive and 
non-radioact ive con taminan ts.(Co87) 

In a memorandum of August 5 ,  1985, the DOE 
adopted an interim radiation protection standard 
for DOE environmental activities to be imple- 
mented in CY 1985.(Va85) This interim standard 
incorporates guidance from the NCRP, as well as 
the EPA Clean Air Act air emission standards for 
radioactive emissions, as implemented in it0 CFR 
61, Subpart H.(US83, US85) Included in the 
interim standard is a revision of  the dose limits for 

members of thc public and tables of radiation dosc 
conversion factors to  be used for calculating dose 
from intakes of radioactive materials. Table A-I 
summarizes the interim radiation dosc limits for 
members of the public. The dosc factors art: based 
on ICRP Publication 30 methodology for radiation 
dosimetry. Effluent air and water Derived Concen- 
tration Guides (secondary guides derived from the 
primary dose standards and calculated using dose 
conversion factors and assumed air and water 
intake rates) were provided later in  21 February 28, 
1986, niemorandum.(St86) The calculated Derived 
Concentration Guides (DCGs) arc based on the 
interim stnndard dosc limit for all pathways of 0.1 
rern/year for a SO-year committed effective dose 
cquivaknt. The dose convcrsioti factors provided 
in  the Augitst 5 ,  1985, memorandum were used and 
intake rates of 8400 cubic meters per year (2.66 X 
IOT4 m3/s) for ajr and 730 liters per year (2  aid) 
for water were assumed for the calculations. The 
DCGs are given in Table A-2 and are comparable in 
concept t o  the Radioactivity Concentration Guides 
( RCCs) published by DOE for its previous radiation 
protection standard given in DOE Order 5480.1 A, 
Chapter XI. (US8la)  

The previous RCGs included permissible concentra- 
tions of specific radionuclides and mixtures of 
radionuclides in air (RCG,) and water (RCG,) for 
individuals in the general population.(US8 la)  In 
addition to  restricting specific radionuclides, the 
guides restricted the concentration of radionuclides 
in a mixture such that the sum of the ratios of each 
radionuclide concentration to the appropriate con- 
centration guide would not exceed a value of one. 
The guides further stated that a radionuclide might 
be considered as not present in a mixture if (a) the 
ratio of the concentration of that radionuclide in 
the mixture to  the concentration guide for that 
radionuclide did not exceed one tenth and (b )  
the sum of such ratios for all radionuclides con- 
sidered as not present in the mixture did not 
exceed one fourth. 
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During 1987, average specific radionuclide concen- 
trations in air and water for the Rocky Flats Plant 
were all less than one tenth of the appropriate 
Derived Concentration Guides for specific radio- 
nuclides. Tile sum of the ratios of those avcrage 
concentrations to  their respcctivc DCGs was lcss 
than one fourth for all air and water sampling 
locations. Applying the same methodology for 
reporting mixtures under the DCG concept as was 
uscd with RCGs, the measured concentrations i n  
the tables h a w  been compared t o  the conccntra- 
tion guides for specific radionuclidcs rather than 
t o  the guide for mixtures. 

The fractions of ingested radionuclides that are 
absorbed in the gastro-intestinal tract and the lung 
clearance classes for inhaled radionuclides were 
chosen to yield the most restrictive DCGs for 
comparisons in this report. Throughout this report, 
where a radionuclide concentration is expressed 
as the cumulative measurement of more than one 
isotope, the stated DCG used for comparison 
represents the most restrictive DCG for that 
grouping of isotopes. Plutonium concentrations 
measured at  Rocky Flats Plant rcprcsent the alpha 
radioactivity from plutoniuiii isotopes 239 and 
240, which constitute over 97 percent of  the alpha 
radioactivity in plutonium handled a t  the plant. 

Reported uranium concentrations are the cumula- 
tive alpha activity from uranium-233, -234, and 
-238. Components containing fully enriched ura- 
nium are handled a t  the Rocky Flats Plant. Depleted 
uranium metal is fabricated and also is handled as 
process waste material. Uranium-235 is the major 
isotope by weight (93 percent) in fully enriched 
uranium; however, uranium-233 accounts for 
approxiniately 9 7  percent of the alpha activity 
of  fully enriched uranium. In depleted uranium, 
the combined alpha activity from uranium-234 and 
-238 accounts for approximately 99 percent of the 
total alpha activity. The uranium DCGs used in 
this report for air and water are those for uraniuni- 
233, -234, and uranium-238, which are the most 
restrictive. 

Environmental uranium concentrations can be 
measured by a variety of laboratory techniques. 
Nonradiological techniques yield concentration 
units of mass per unit volume such as pg/m3 and 
pg/l2. The uranium concentrations given in this 

rcport were derived by measuring radioactivity from 
alpha-emitting uranium isotopes and arc exprcssed 
in terms of activity units per unit volume. Rocky 
Flats Plant data includc mcasurcmcnts of  dcplctcd 
uranium, fully cnrichccl uranium, and natural 
uranium. 

Convcrsion factors for specific types of uranium 
can be used t o  compare the data in this report t o  
data from other facilities and agencies that are 
given in units of mass per unit volume; howcver, 
the resulting approximations will not have thc 
same assurance of accuracy as that for  the  original 
measured values. Uranium in effluent air from 
plant buildings is primarily dcpleted uranium. The 
conversion factor for these data is 2.6 X IO6 g/Ci. 
Natural uranium is the predominant form found in  
water. The conversion factor for water data is 
1.5 X 10' g/Ci. 

The applicable k,PA standard for bcrylliuni ( a  
nonradioactive rnatertal) in airbornc cfflucnts from 
plant buildings is 10 grams per stationary source in 
a 24-hour time period.(US78) For ambient air. thc 
calculated DCG for plutonium-239 and -340 for 
members of the public is 20 X IO- Is pCi/mQ 
(7 .4  X Bq/m3 ). 

The calculated americium-24 1 DCG in waterborne 
cfflucnts for members of the public is 60 X 
pCi/mQ (2.3 Bq/Q). The comparable DCG for 
plutoi~iiim-239, -240 in water is 300 X pCi/mQ 
( 1 1 Bq/Q). The most restrictive calculated DCG 
for uraniuni-233. -234, and -238 in water is 500 X 
IO-' pCi/niQ (19 Bq/!2>, which is the DCG for 
uranium-233. In waterborne effluents available t o  
members of the public, the calculated DCC for 
tritium is 2,000,000 X lo-' pCi/mQ (74,000 Bq/Q). 

In 1976, the EPA promulated regulations for 
radionuclides in drinking water.(US76a) These 
regulations were effective on June 24, 1977, along 
with primary drinking water regulations for micro- 
biological, chemical, and physical contaminants. 
The intent of  the Safe Drinking Water Act was t o  
ensure that each state has primary responsibility c 

for maintaining drinking water quality. To comply 
with these requirements, the Colorado State Board 
of Health modified exisiting State drinking water 
standards t o  include radionuclides.(Co77, Co81 ) 
Two of the community drinking water standards 
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are of interest in this report. 
for gro-a activity&cluding r d '  

TABLE A-I .  Radiation Protection Standards for the 
Public for Dcpartment of Encrgy Facilities(Va85) 

excluding radon and uranium) in community water 
systems is a maximum o w l ?  or 15 X lo-' 
pCi/mg (5.6 X lo-' Bq/Q.). Americium and pluto- I ;rom All Pathway$: 

nium, which are al pha-em i t t  ing radionuclides, are 
included in this limit. The limit for tritium in 
drinking water is 20,000 pCi/Q o r  20,000 X 
pCi/nif (740 Bq/l?). 

The Rocky Flats Plant NPDES permit, which the 
EPA reissued in 1984 to  DOE, established sanitary 
effluent limitations on discharge from Pond B-3 
(sewage effluent), limitations for nitrate and pH in 
the discharge from Pond A-3 in the Walnui Creek 
drainage, litnitations on discharge from the reverse 
osmosis pilot plant, on Woman Creek drainage, 
limitations on discharge from the reverse osmosis 
plant, and control of sediment release during 
discharge from Ponds A-4, B-5, and C-2. 

ICI'fcctivc Dose Ilquivalcnr 
(mrcni /ycar )  

Dose fquivalcnt 
(mrem /year) 

Individual Organ- 5,000 

Dose I'quivalcnt 
( m rem/ y c a r ) 

Air Pathw:iy Only'  

W h o k  Ibdy-  
Any Orpin- 

25 
75 

- __._._ . _ _  _- - ___ ._. . . . ____- 

that ". . .operations shall be conducted in a 
In  addition t o  evaluating compliance with all manner to assure that radiation exposure to 
relevant guides, limits, and standards, the  Health, individuals and population groups is limited t o  
Safety and Environment Department assists t!ie lowest levels technically and economically 
operating groups in adhering t o  the DOE policy practicable."(US8 1 a )  
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TABLE A-2. Applicable Standards for Radioactive and Nonradioactive Materials 

Legend - -__ 
pCi = microcuries 4 0 C F R h l  = 
m' = cubic meters 
niV = niilliliter~ 

SU = standard units Dol. = 
NA = not  applicable NPDES = 

CDtl = 

mg/C = niilligrains per liter 

g = grams 

Code ol' 1:cdcral Kcgulations 
National Emission Standards 
f o r  Ilazardous Air  
Pollutants (USEPA) 
Lkpartnient of Engcry 
National Pollutant Dischargc 
Elimination S ys tern 
Colorado Department of 
Health 

Parametcr - 
- -  Airbornc_Ffflucn!~ - 
Plutonium-239. -240 
Uranium-233. -234, -238 
Tritium 
Beryllium 

- _  

Ambient Air ........ __  ...... __ .. - 
Plutonium-239. -240 

Waterborne Effluents 
(Radioactive) 

Plutonium-239, -240 
Uranium-233, -234. -238 
Aiiicricium-24 1 
Tritium 

- ... . . . . . . . . . . . . . .  - 

Applicable 
Guides and Standards - . . - __ . 

NA 
NA 
N A  

< 10.0 g/day 

20.0 x pCi/niP 

300 X IO-' pCi/nin 
500  X IO-' pCi/mV 

6 0  X I W9 pCi/mC 
1,000.000 X IO-" pCi/inQ 

Disch:!;ge Limita!innsb 

Monthly Weekly 
Parameter Average Average 

. . . . . . . . . . .  

.- . -. . . . .  .- . .  - -- - .~ _.___ - 
Effluent Water Samples 

(Nonradioactivc) 
.-.. . .  . -  

PH 
Nitrates as N 
Total Phospborus 
Biochemical Oxygen 

Demand, 5-Day 
Suspended Solids 
Total Chromium 
Residual Chlorine 
Oil and Grease 
Fecal Coliform - No./ 100 tnU 
Total Orpanic Carbon 

10 nigiy 
8 mg/Q 
IO mg/v 

30 mg/V 
0.05 mg/P 

NA 
N A  

200 
22 mg/ci 

6.0-9.0 SU 
20 mg/s 

N A  
N A  

45  mg/c 
N A  
N A  
NA 

N A  
400 

-- - - 
a. Calculated on the basis of DOE August 5, 1985, memorandum using DOE dose limit of 

0.1 rem/yr to members of the public from all pathways, dose conversion factors givcn in 
the memorandum, and intake rates of 2.66 X 1 Oz mQ/s for air and 2 X 1 O3 mQ/day for 
waier.(St86) 

b. These limitations are presented as indkators of the types of parameters and associated 
concentration limits required by the NPDES permit. Details of these requirements specific 
to  each dischaigc location arc given in the referenced document.(US84a) The daily and 
monthly limitations indicated cannot be correlated with the annual water quality data 
summarized in Table 1 1. 

Daily 
Ma\imuin 

........... - 

N A  
12 mg/P 
25 mg/v 

NA 
0.1 mg/s 
0.5 mglc 
Visual 

NA 
30 nig/Q 

- Reference - 

N A  
NA 
NA 

4 0  CFR 6 1.32(a) 

Calculated" 

Calculatcd" 

Calculateda 
Calculated" 

Calcularcda 

NPDES Pern:it 
NPDES Permit 
NPDES Pcrmit 
NPDES Pcrm;t 

NPDES Permit 
NPDES Permit 
NPDES Permit 
NPDES Permit 
NPDES Permit 
NPDES Permit 
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Quality Con troll I R F P- E N V-87 
APPENDIX B 

QUALITY 

A Quality Program Plan and ;i Quality Control 
Program Plan have been developed for the 
Environtiiental Management (EM) and the 
Health/Environnient Analytical Laboratory 
(H/EL) Sections, respectively. Independent audits 
of these plans, coupled with EM’S internal environ- 
mental audit and controls procedures, unsure that 
necessary quality assurance and quality control 
elements exist for a comprehensive environmental 
monitoring program. 

The Quality Program Plan developed by Environ- 
mental Management provides controls for 
assurance that:  

a 

a 

a 

a 

a 

a 

The 

Current operating procedures exist for all 
phases of EM operations and that these 
procedures are implemented as written. 

Appropriate approvals are obtained prior t o  
program initiation o r  change. 

The equipment used in sample collection and 
data analysis is appropriate to the assigned 
function and is operating as required. 

Accurate documentation exists for all pro- 
grams, procedures. and actions. 

All variances from procedures or equipment 
use and performance are documented and 
explained with an assessment. 

Appropriate guidelines and standards for 
environmental monitoring are identified, and 
documentation of compliance is provided on 
a routine basis to Rocky Flats Plant manage- 
ment, Department of Energy (DOE), and 
state and federal regulatory agencies. 

EM Quality Program Plan establishes control 
points and delineates responsibilities for specific 
categories of activities; provides an information 
base from which procedures can be developed, 
updated, and/or implemented; establishes astate of 
emergency preparedness in i t s  contingency plans: 
and provides documentation t o  comply with rules 
and regulations of federal, state, and local regulatory 
agencies. 

CONTROL 

The plan includes quality assurance flow charts and 
quality matrices that illustrate activity networks 
and corresponding quality elements of each re- 
sponsibility area. A complete listing of activities 
and rcsponsibilities is also included in the Plan. 

To ensure data reliability, the H/EL Quality Con- 
trol Program Plan outlines the quality control 
methods used in all phases of laboratory operations. 

This quality control program includes the follow- 
ing elements: 

Development, evaluation, improvement. modi- 
fication, and documentation of analytical 
procedures. 

Scheduled instrument calibration, control 
charting, and preventive maintenance. 

Participation in interlaboratory quality com- 
parison programs. 

Intralaboratory quality control programs. 

All sample batches scheduled for analysis by the 
H/EL Central Receiving Laboratory contain an 
average of IO percent control samples. The con- 
trols consist of analytical blanks prepared in-house 
and standards prepared by the Rocky Flats 
Chemistry Standards Laboratory. 

An analysis or  group of analyses may be rejected 
and the sample o r  samples scheduled for reanalysis 
for one o r  more of the following reasons: 

1. The chemical recovery is less than 10 percent 
o r  greater than 100 percent. 

2. The analytical blanks in the analysis batch are 
out  of acceptable range. 

3. The standards in the analysis batch are not 
within acceptable limits of error. 

4. The alpha energy spectrum is not acceptable 
becausr: of the following: 
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a. extra and/or unidentified peaks. 

b. excess noise i n  background areas. 

c. poor resolution of peaks. 

Table B-1 is a summary of H/EL participation in 
the Rocky Flats Chemistry Standards Laboratory 
Bioassay and Environmental Measurements Pro- 
gram for 1987. 

5. The chemist in charge of the laboratory 
believes there is reason t o  suspect the analysis. The H/EL participates in the EPA Environmental 

Monitoring Systems Laboratory (EMSL) and the 
Any unusual condition affecting the results, which DOE Environmental Measurements Laboratory 
is noted either during sample collection or analysis, Crosschcck Programs. Tables B-2 and B-3 
is reported t o  Environmental Management. suniinarizc the H/EL participation in this program. 

Attribute 

Pu-239, 
-340 

Am-741 
ti-238, 

-234, 
-235 

H-3 

Ptr-239, 
-240 

Am-24 1 

U-238, 
-234, 
-235 

BeC 

Be 

Pu-239, 
-240 

TABLE B-I . Health/Environinen t Analytical Laboratory Environmental Measureinen ts Control Program Dataa 
(January Through December 1987) 

Matris M e thod 

Water Alpha Spectral 

-- 

Watcr Alpha Spectral 
Water Alpha Spectral 

Watcr Liquid 
Scintillation 

1:f'fluent Alpha Spectral 

Effluent Alpha Spectral 

Effluent Alpha Spectral 

i7iltcrs 

Filters 

Filters 

Ef flue n t Atomic Absorption 
1-ilter s 

Workplace Atomic Absorption 
Filter 

Ambient Alpha Spectral 
Filter 

Standard Range 

1.2-35 dim /p 

0.7-21 d/ni/r 
3-90 d/n,/r 

14.000-430,000 d/l11/V 

4-120 d/ni/l' 

3- 90 d/in/f 

10-300 dim If 

0.3-10 PF/f 

0.3-10 PFlf 

2-4 5 d/in/f 

Normal 
Sample 
Rangc 

0-3 d/in/Y 

0 3  d/ni/Y 
0-30 d/m/C 

0-9990 d/m/c: 

0-30 djnilf 

0 4  d/m/f 

0-30 d/m/f  

0-5 pglf  

0-20 pg/f 

0-50 d/m/f 

Annual 
Relative 

Error 
Pe rccn t 

- 1  

23 
-13 

-1 1 

- 4  

10 

- 3  

- 1  

- 3  

- 7  

a. The Bioassay-Environmental Measureinents Control Systcni was discontinued in October 1987 and 
replamd by the Interactive Measurements Evaluation Control System. Results from these two 
ineasurement control systems are combined in this summary for the January through Deccmbcr 1987 period. 

in percent; the relative error for control measuremcnts is often called the coefficient of variation where the 
dispersion of data (in this case. the mean difference between measured and standard values) is divided by the 
average standard value submitted. This term is inclusive of all random and systematic error in the standards. 
analytical chemistry. and measurement process for a given nuctidc, matrix, and procedurc. 

c. AnalyLed by 881 General Laboratory. 

b. The mean of the ratio of the 12-month deviations between observed and standzrd value to standard value 

Range of 
Relative 

I k o r  
Percent 

-33 tU+ 89 

-99 to + 45 
+ 2 to+134  

-26 t o -  19 

-12 to+  I!) 

-52 t o +  i4 

-26 I O -  4 

-97 t0+196 

-80 t o +  96 

-66 t o +  15 

Total 
Control 
Analy scs 

58 

51 
79 

38 

117 

96 

103 

79 

1291 

46 
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Isotope 
Kcported 

Gross Alpha 
Gross Beta 
H-3 
Co-60 
cs- I 34 
cs-137 
cs-137 
Ru-106 
Pu-239 
U (rut.) 
-- 

TABLE B-2. Healtli/Environinent Analytical Laboratory Participation in thc EPA 
Environmental Monitoring Systems Laboratory Crosschcck Program During 1987 

Annual 
Nurnixr Nun1 ber of Kcla rive 
or Accept4 blc lirror 

.- Matrix Method Analyses Analysesa Percent" 

Filter 
I 4  ter 
Water 
Water 
Water 
Water 
biltcr 
Water 
Water 
Water 

Alpha Spectral 
Gas Prop or t ion :it 
Beta Liquid Sdntlllation 
Glmnta Spectral 
Gamma Spectral 
Gdrnrn'i Spectral 
Gamma Spectral 
Gamma S pcct ra I  
Alpha Spectral 
Alpha Spectral 

2 

3 
4 
4 
4 
I  
3 
2 
3 

- 2 
1 
0 
3 
3 
2 
0 
1 
2 
3 

a. "Acceptnble analyses" are those analyses for which the observed value was within t 3 
standard deviations of the standard value. 

b. Thc mean of the ratio of the 12-month deviations between obscrvcd and standard value to standard value 
in percent: the relative error Tor control measurements is often called the coefficient ot'variation whcrc the 
dispersion ot data ( i n  this casc. the rncaii ditfcreii,c bctwccn nieasurcd and \tandard v a l u t ~ ~ )  is dividcd by the 
awrapc btandard value submitted. t'his term is inciusivc ot ail random and systematic crror in thc standard>. 
;inalyticalcheiiiistrp, and nieasurenicnt process t o r  a given nuclide. inatrix. and proccdure. 

c. Thc upper valuc in the range or rclativc error percent was attributed to  ;in crroncous radioactivity 
value assigned to a calibration stamhrd. 

d. N A  = Not applicable. 

-39.9 
- 12.5 
-22.9 

36.2 
54.7 

213.0 
- 5.6 
0.4 

- 20.5 

47.8 

Range of 
Rclative 

1;rror 
Percent 

-76.7 10 -3.1 
-28.910 4.8 

- 15.3 to 158.3' 
-26.4 to  19.2 

-34.4 t o  160.0' 
-29. I  to 228.7' 

NAC.d 
-36.7 to 19.7 
-2.4 to 3.2 

-60.0 to 8.8 

Isotope 
Rcpor ted 

Mn-54 
Cod0 
cs-137 
Pu-239 
Am-24 I 
U (nat.) 

u (flat.) 
Pu-239 
Am-24 1 

-. 

h-239 

U (nat.) 

TABLE 0-3. Health/Environment Analytical Laboratory Participation in the DOE 
Environmental Monitoring Systems Laboratory Crosscheck Program During 1987 

Mean of  Ratio 
Reportcd/Stnndard N u  ti1 bc r of 

Matrix Method Analyws Value - .~ 

Water 
Water 
Water 
Filter 
k'ilter 
I.'ilter 
Soil 
Soil 
Water 
Ware r 
Water 

Gamma Spectral 
Gamma Spectral 
Gmnma Spectral 
Alpha Spectral 
Alpha Spectral 
Alpha Spectral 
Alpha Spectral 
Alpha Spcctral 
Alpha Spectral 
Alpha Spectral 
Alpha Spectral 

1 
1 
1 
2 
2 
2 
1 
1 
1 
1 
1 

0.81 
0.76 
0.77 
0.93 
1.12 
0.42 

1.00 
0.64 
1.07 
0.74 

2.18 

R m ~ e  of 
Ratios 

N A  
NA 
N A 

0.92 I O  0.94 
1.1 I to 1.1' 
0.41 to 0.43 

N A  
NA 
N A 
NA 
NA 

-. 
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APPENDiX C 

ANi4LYTICAL PROCEDURES 

The Healtli/Eiivironnieti t Analytical Laboratory 
(H/EL) routinely performs the following analyses 
on environniental and effluent samples: 

1. Total Air Filter Counting (Pu specific alpha) 

2. Tennelec Air Filter Counting (Gross alpha & 
gross beta ) 

3. Gamma Spectral Analysis 

4. Alpha Spectral Analysis (Pi1-239, -1!38, Ani- 
241, U-238, -233, -233) 

5. Beta Liquid Scintillation (Tritium) 

6 .  Pi, N-D i e t h y 1- p- p 11 e n y I en cd ia ni in e ( D P D i 
( Chlor i ne) 

7. Bacteria 

8. Atomic Absorption (Beryllium) 

Procedures for these analyses are described in the 
H/EL Procedures and Practices Manual.(Wi82) 
The procedures for bacteria and chlorine analyses 
were developed following Environmental Protec- 
tion Agency EPA) guidelines. Soil procedures 
were developed following specifications set forth 
in “Measurements of Radionuclides in the Environ- 
ment, Sampling and Analysis of Plutotiium in 
Soil,” NRC Reg. Guide 4.5. All new procedures 
and changes t o  existing procedures must be thor- 
oughly tested, documented, and approved in 
writing by the Manager of H/EL before being 
implemented. Environmental Management is 
notified of any major changes that could affect 
analytical results. All procedures are reviewed 
annually for consistency with state-of-the-art 
techniques, or a t  any t ime an analytical problem 
is suspected. Copies of all procedures are kept on  
file in the office of the Manager of H/EL. 

The following is a general outline of  the analyticai 
procedures followed by the laboratories. 

Samples received for air filter screening are counted 
approximately 24 and 48  hours after collection. 
Samples exceeding the limits set by Environmental 

Management are recounted. If the total long-lived 
alpha concentration for a screened filter exceeds 
the EM action limits, the filter is directed for 
individual specific isotope analysis and/or  followup 
investigation t o  determine the cause and any 
needcd corrective action. 

All water samples, except those scheduled for 
tritium analysis, are poured in to one-liter 
Marinell@ containers and sealed before delivery 
to the.  gamma counting area. Routine water 
samples are counted for approximately twelve 
hours. Samples requiri:ig a lower detection limit 
are counted from 16 to 72 hours. 

Soil samples scheduled for gamma spectral analysis 
are dried, sieved through a ten-mesh sieve, weighed, 
and the finc portion is ball-milled. The finc portion 
is then placed in  a 500-mQ Marinclli@ container 
and counted for at  least 16 hours. 

All samples scheduled for alpha spectral analysis 
are analyzed in a similar manner regardless of 
matrix. Prior t o  dissolution, a known quantity of 
nonindigenous radioactive tracer is added t o  each 
sample. The tracer is used t o  determine the 
chemical recovery for the analysis. Tracers used 
include Pu-236, Pu-242, U-233, U-236, Ani-243, 
and cm-244. The type and activity level of the 
tracer used depends on the type and projected 
activity b e l  of the sample t o  be analyzed. 41! 
refractory or intractable actinides are dissolved by 
vigorous acid treatment using oxidizing and com- 
plexing acids. 

After samples are dissolved, the radioisotopes of 
concern are separated from each other  and from 
the matrix material by various solvent extraction 
and ion exchange techniques. The purified radio- 
isotopes are electrodeposited on to  stainless steel 
discs. These discs are alpha counted for a minimum 
of 16 hours. I f  a lower minimum detection limit 
is required samples may be counted from 72  t o  
168 hours depending upon the need. Samples 
that exhibit a chemical recovery of less than 10 
percent or greater than 110 percent are automat- 
ically scheduled for reanalysis. 
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Tritium analyses are routinely performed on 
specified environmental water samples as well as 
stack effluent samples. Five milliliters of the 
samples are combined with 17 milliliters of liquid 
scintillation cocktail mixture. Ehvironmental 
samples are counted for 60 minutes and airborne 
effluent samples are counted for 10 minutes. 

The General Laboratory routinely performs the 
following analyses for environmental monitoring 
of plant effluent streams, process wastes, and soil 
residues : 

1. 

2. 

3. 

4. 

5. 

6. 

'7. 

8. 

Dissolved metallic elements including tests 
for 31 cations by emission spectroscopic 
techniques and 17  elements by atomic 
absorption techniques (including beryllium in 
airborne effluent sample filters). 

Oxygen demand tests, including total organic 
carbon, dissolved oxygen, chemical oxygen 
demand, and biological oxygen demand 
(5 day incubation). 

Nutrient tests including free ammonia and 
amines, or tho and total phosphate phosphorus, 
nitrate and nitrate anions, Kjeldahl nitrogen, 
and total nitrogen. 

Physical tests, including pH, conductivity, 
color, total dissolved solids, suspended solids, 
turbidity, and specific gravity. 

Soap residues (as alkyl sulfonate).. 

Oil and grease residues, by extraction and 
infrared or  gravimetric detection, sild by 
visual observation. 

Specific chemical property o r  element, 
including total hardness (as calcium car- 
bonate), alkalinity (as hydroxide, ibicarbonate, 
or carbonate), chloride, fluorid e, cyanide, 
sulfate, and hexavalent chromium. 

Radioactive species, including gross alpha 
and beta by gas proportional detection; 
tritium by liquid scintillation detection: 
cesium-1 37 and total radiostrontium by 
gravimetric separation followed by gas por- 

tional dctcction. Isotopes of plutonium, 
americium, thorium, uranium, neptunium, 
and curium are determined by ion exchange 
and liquid extraction techniques followed by 
alpha pulse height analysis. 

9. Organic toxic species, including phenol, 
polychlorinated-biphenyls, and total organic 
halogen. 

Procedures for these analyses were developed by 
the General Laboratory professional technical staff. 
Procedures were adopted from EPA-approved 
sources or from other recognized authoritative 
publications where EPA-approved procedur, 0s were 
not  available. Laboratory operations procedures 
are documented in a standard format, approved 
by the manager of the Rocky Flats Analytical 
Laboratories, and distributed to a controlled 
distribution list t o  assure that proper testing and 
approval is performed before changes are adopted. 
The General Laboratory Quality Assurance Plan re- 
quires annual review of procedures for consistency 
with state-of-the-art techniques and compliance of 
laborstory practice with written procedures. In 
addition, a review is performed whenever an 
analytical problem is indicated. 

The following is a general outline of  the analysis 
procedures followed by the General Laboratory: 

AI1 water. samples which are analyzed for radio- 
active materials - except those scheduled for 
tritium analysis - are acidified immediately upon 
collection. 

Liquid samples received for gross alpha and beta 
screening are evaporated directly on to  planchets 
for gas proportional counting within 24 hours of 
collection. When activities exceeding the action 
guidelines set by Environmental Management (EM) 
are observed, notification to  EM is made, and 
reanalysis is begun immediately for verification. 

For  some liquids such as machine oils, a specified 
volume is evaporated, ashed, and the salt residue 
is taken up in nitric acid for  deposit onto the 
counting planchet. A correction factor is 
determined for each sample t o  account for self- 
absorption effects. 

B 
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Water samples to be tested for chemical and 
physical parameters are analyzed within 24 
hours of collection, or they are preserved by 
refrigeration, freezing, or addition of a chemical 
preservative when required. The tests performed 
iiiclude gravimetric, titrametric, colorimetric, 
chroniatograilhic, or electroanalytical methods, fol- 
lowing procedures specified in the 15th edition 
of  Standard Methods for the Examination of Water 
and Waste Water, EPA-600/4-79-020, or other  
ai1 thoritative publications. 

Water samples to be analyzed for dissolved metallic 
ions are filtered through a 0.45 micrometer filter 
and evaporated onto a graphite electrode for 
emission spectrographic analysis. Selected dements  
are determined for sample solutions by atomic 
absorption methods after appropriate chemical 
treatment t o  prepare the proper analysis matrix. 

Organic toxic species are determined by lchroma- 
tography, following extraction into an appropriate 

organic solvent, using electron capturc dctcction. 
Some organics, such as phenol, are determined by 
developing a chromaphoric complex and measuring 
light absorption at  a specific wavelength with a 
spectrophotometer. Measuring occurs after extrac- 
tion into an appropriate solvent phase. 

Tritium is determined by intimate mixing of five 
milIilitcrs o f  aqueous sample (or of water that has 
equilibrated with the sample ior a predetermined 
time to ensure exchange) with 27 milliliters of 
scintillation cocktail. The mixture is counted for 
20 minutes in  a scintillation well, and a correction 
factor is applied to account for quenching effects 
determined in situ for each sample 

Cesium a n d  strontiuni isotopes arc radiochemically 
scparatcd from thc sample matrix using prccipita- 
tion techniclucs. Cesium and strontium isotopes 
arc clcpositcr! oii planchcts with a carrier element 
for alpha or beta gas proportional couiitiiig. 
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APPENDIX D 
DETECTION LIMITS AND ERROR TERM PROPAGATION 

The Rocky Flats Health/Environment Analytical 

definition for detection limit, as given by 
I3arley. (Ha 7 2 ) 

Laboratory (H/EL) have ildopted the following 

“The smallest amount of sample activity 
using a given measurcnicnt process ( ix., 
chemical procedure and detector) that 
will yield a net count for which there is 
confidence a t  a predetermined level that 
activity is present,” 

The major component of the MDA equation is 
the variability of the blanks. 

Table D-l shows the various formulae I-rsed for 
alpha data reduction during 1987. 

Table D2 shows the typical MDA values for the 
various analyses pcrformed by the HIEL and by  
the General Laboratories. These values are based 
on  the average sample volume, typical detector 
efficiency, detector background, count time, and 
chcmical recovcry. MDA values calculated for 
individual analyscs may vary significantly depend- 
ing on actual sample volume, chemical recovery, 
and analytical blank used. 

The minimum detectable amount (MDA) is the 
term used to describe the detection limit and is 
defined as the smallest amount  of an analyzed 
material in a sample that will be detected with a 0 
probability of non-detection (Type 11 error), while 
accepting an (x probability of erroneously detecting 
that material in an appropriate blank sample (Type 
I error). At  the 95% confidence level, both a and 
/3 are equal t o  0.05. 

Based on the approach presented in draft ANSI 
standard N13.30 “Performance Criteria for 
Radiobioassay,”(He85) the formulation of the 
MDA for radioactive analyses is: 

MDA = 4.65 SB + 3/(TsEsY) __ - -  
aV 

where SB = standard deviation of the popula- 
tion of appropriate blank. values 
(d/m 1 

Ts = sample count time (m) 

E, = absolute detection efficiency of the 

Y = chemical recovery for the sample 

a = conversion factor (d/m per unit 
activity ) 
(a = 2.22 d/m/pCi when MDA is 
in units of pCi and 
a = 2.22 X IO6 d/m/pCi when 
MDA is in units of pCi.1 

= sample volume or weight 

sample detector 

v 
(V=l if the MDA per sample is 
desired.) 

For nonradioactive parhmeters, various means are 
used to estimate a minimum detectable amount  
depending on the parameter measured. The 
minimum detectable amount  for beryllium in 
effluent air - analyzed using flameless atomic 
absorption spectroscopy - is based on a sample 
blank absorbance reading. Total  chromium in 
effluent water samples undergoes a four-fold 
concentration of the received sample prior to its 
analysis using f l m e  atomic absorption spectros- 
copy. Its approximate minimum detectable 
amount is based on a net sample absorbance 
reading of 0.01 0. 

The paramcters of nitrate :IS N .  total phosphorous, 
suspended solids, oil and grease, and total organic 
carbon all have minimum detectable amounts that 
are determined by procedural methods found in 
EPA-600 “Methods for Chemical Analysis of Water 
and Wastewater.”(US79) The parameters of pH 
and biochemical oxygen demand have minimum 
detectable amounts that are determined by the 
minimal readout capability of the instrumentation 
that is used. 

The minimum detectable amount for residual 
chlorine is determined by the procedure found in 
a publication by Hacti Co., “DPD Method for 
Chlorine.”(Ha83) For fecal coliform count, the  
minimum detectable amount  is calculated as 
4.65 times the standard deviation of the blank 
value from the millipore filter. 
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TABLE D-1. Forinulae for Activity aind Uncertainty Calculations for the Alpha Spectral Analysis Systems 

Non-Blank Corrected Sample [Incertain ty" 

+- I 

Non-Blank Corrected Sample Activity 

csi CBi 

Ts TB 

csj CBj 

1 Dsi 
n ___- 

v * 2.22 

Blank Corrected Sample Uncertainty - 

bsi = (asi2 + a i 2 ) s  

Blank Corrected Sample Activity 
--- 

"Corrected from 1984 report. 

90 
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TABLE D-1 . (Concluded) 

Letrend 

Non-blank correcttrd activity of laboratory reagent blank for isotope i 
expressed as picocuries (pCi) per unit volume. 

Non-blank correctcrd uncertainty of laboratory reagent blank 
expressed as pCi per unit volume. 

Sample activity for isotope i expressed as pCi per unit volume. 

Sample activity uncertainty expressed as pCi per unit volume. 

Blank corrected sample activity for isotope i expressed as pCi per  
unit volume. 

Blank corrected sample uncertainty expressed as pCi per unit volume. 

Activity (dpni) of internal standard isotope j added to  sampie. 

Sample gross counts for isotope i. 

Sample gross counts for internal standard isotope j .  

Detector background gross counts for isotope i. 

Detector background gross counts for internal st;lild>:rd isotope j .  

Sample count time expressed in minutes. 

Detector background count time expressed in minutes. 

Sample unit volume or sample unit weight. 
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TABLE D-2. Detection Limits for Radioactive and Nonradioactive Materials 

Lcgend 
pCi = microcuries 

pg = micrograms 

m 3  = cubic mcters 

mV = millilitcrs 

M i n i in  ti in 
Iktcctablc 

Ai i loun  f 
Parameter - (per sample) 

Airbornc Effluent Samples 

Plutonium 239,240 
Uranium 233,234,238 

7.4 X loT8 pCi 

3.9 x io-’ pci  

Tritium 

Beryllium 

Ambient Air SamDIcs 

9.0 X pci  

2.5 X lo-’ pg 

Plutonium 239, 240 9.9 x 10-8 pci 

Effluent Water Samples 
(Radioactive) 

Plutonium 239, 240 5.9 x pCi 

Uranium 233,234,238 5.7 x IO-’ pCi 

Americium 241 6.3 X IO-’ pCi 

Tritium 1.0 x pCi 

Soil Samples 
(Radioactive) 

Plutonium 239, 240 3.0 x lo-‘ pCi 

Efflucnt Water Samples 
(Nonradioactive) 

PH 
Nitrate as N 

Total Phosphorus 

Biochemical Oxygen Demand, 

Suspended Solids 

Total Chromium 

Residual Chlorine 

Oil and Grease 

F c a l  Coliform Count 

Total Organic Carbon 

5-Day 

-.. 

a. 

b. 
C. 

pCi = picocurics 

mg/p = milligrams per litcr 

SU = standard units 

A pproximate 
Samplc Volumc 

Analyzeda 

7,340 db 
7.340 m3b 

1.4 m ”  

7.340 niab 

29,000 rn3‘ 

5,000 mV 

1,000 my 

5,000 my 

5 mv 

10 :: 

100 nir: 

IO m Q  

SO mV 

300 mQ 
100 mQ 
100 niV 

10 mf! 

1.000 mQ 

10-100 rnV 
5 m Y  

Volume analyzed is usually an aliquoted fraction of the 
total sample volume collected. 
Monthly composite. 
Composite of two bi-weekly samplcs. 

M iiiimuiii Dctcctable 
Amount 

(pcr unit volume or inaxs) 

0.010 x IO-’’ pCi/mQ 

0.053 x IO-’’ pCi/mQ 

6,400 x lo-’’ pCi/mQ 

5 x IO-* pg/m3 

0.0034 X IO-’’ pCi/mV 

3.0 x pCi/g 

0-14 SU 
0.2 mg/Q 

0.2 mg/P 

5.0 mg/u 

1.0 mg/V 

0.05 mg/Y 

0. 1 mg/V 

0.5 mg/Q 

43 organisms/ 100 niL 

1.0 rng/(! 
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APPENDIX E 

REPORTING OF MINIMUM DETECTABLE 

CONCENTRATION AND ERROR TERMS 

Throughout the section en titled “Monitoring Data: Collection, Analyses, and 
Evaluation” in this report, somc of the concentrations that are measLired at  or 
below the tninimuin detectable concentration (MDC) are assigned the MDC 
value. The less-than symbol (<) indicates MDC values and calculated values that 
include one or more MDCs. 

The plu t o niu m , u rani ti ni , am erici u m , and beryl1 i um measu red concentrations are 
reported. These reported concentrations include values that are less than the 
corresponding calculated MDCs and in some cases, values less than zero. Nega- 
tive values result when the measured . d u e  for a laboratory reagent blank is 
subtracted from an analytical result that was measured as a smaller value than 
the reagent blank. These resulting negative valucs are included in any arithmetic 
calculations on the data set. 

Error terms In the form of a rt b are included with some of the data. For a single 
sample, “a” is the reagent-14ank corrected value; for multiple samples it repre- 
sents the average value (arithmetic mean). The error term ‘ ‘b” accounts for the 
propagated statistical counting uncertainty for the sample and the associated 
reagent blanks a t  the 95 percent confidence level. These error terms represent 
a minimum estimate of error for the data. Other analytical and sampling errors 
are being investigated for future incorporation into an all-inclusive error term 
for each value. 

93 



i 

R F P- E NV -071 REFERENCES 

REFERENCES 

Bo68 

Co 73 

Co77 

Co 78  

eo81 

Co87 

Fi78 

Ha72 

Ha83 

He85 

94 

Bokowski, D. L., “Rapid Determination 
of Beryllium by a Direct-Reading Atomic 
Absorption Spectrometer,” in American 
Industrial Hygiene Associaifion, 29:471- 
481, 1968. 

Colorado Water Quality Control Act, 
Colorado Revised Statutes, 1973,35-8-101 
et. seq., as amended th.rough 1985. 

Colorado Department of Health, State of 
Colorado, Water Quality Control Division, 
Primary Drinking Water Regulations 
Handbook, effective December 15, 1977. 

Colorado Department of Health, Rules 
and Regulations Pertaining to  Radiation 
Control, Part IV ,  1978, as revised through 
December 30,  1985. 

Colorado Department of Health, State of 
Colorado, Water Quality Control Division, 
“Colorado Primary Drinking Water Regu- 
lations,” effective October 30, 1981. 

Colorado Water Quality Standards, Code 
of Colorado Regulations ‘Title 5 ,  Dept. 
of Health, Chptr. 1003, Water Quality 
Control Commissior;, Article 8 ,  Water 
Quality Standards and Stream Classifi- 
cations, Adopted January 15, 1974;  
Effective June 19, 1974, as amended 
through July 30, 1987. 

Finney, D. J .  Statistical Method in 
Biological Assay, Third Edition, Charles 
Griffin & Company, London, 1978. 

Harley, J .  H., Ed., Procedures Manual and 
Supplements 1-4, Health and Safety 
Laboratory, U. S. Atomic Energy Com- 
mission, 1 9 72. 

Hach Co., “DPD Method for Chlorine,” 
Loveland, CO, 1983. 

Health Physics Society Subcommittee 
WG2.5, “Performance Criteria for Radio- 
bioassay,” draft ANSI N 13.30, November 
1985. 

? 

in75  

Ko8 1 

Ko83 

Na87 

Ro86 

Sc82 

Se86 

St86 

fntcrnational Commission on Radiological 
Protection, report on the Task Group on 
Reference Man, ICRP Publication 23, 
Pergamon Press, Ltd., Oxford, England, 
1975. 

Kocher, D. C., “Dose-Rate Conversion I 

Factors for External Exposure to  Photons 
and Electrons,” DLC-79, DOSDAT 11-81 , 
Appendix B: Tabulation of External 
Dose-Rate Conversion Factors, Oak Ridge 
National Lab., RSIC Data Library Collec- 
tion, August 1981. 

1 

Kocher, D. C., “Dose-Rate Conversion 
Factors for External Exposure t o  Photons 
and Electron,” Iiealth Plzysics, 45, No. 3 ,  
September 1983. 

National Council on Radiation Protection 
and Measurements, Ionizing Radiation 
Exposure of the Population of  the United 
States, NCRP Report No. 93, Bethesda, 
MD, September 1, 1987. 

Rockwell International, Rocky Flats 
Plant, “Environmental Analysis and Con- 
trol Soil Sampling Procedure,” Procedure 
EAC-S-4, Rocky Flats Plant, Golden, CO, 
J u n e  30, 1986. 

Schleicher Br. Schuell, Publication No. 500, 
Innovative Products for Separation 
Science, March 1982. 

Setlock, G. H. and Paricio, M. L., 
“Catalogue of  Monitoring Activities EAC- 
420-87-2, Rockwell International, Golden, 
CO, December 1987. 

Stern, R. J., Director, “Preparation of 
Annual Si:? Environmental Reports for 
Calendar Year 1985,” DOE memorandum, 
Office Gf Environmental Guidance, 
and including draft “DOE-Derived 
Concentration Guides for Drinking Water 
and Breathing Air Contaminated With 
Radionuclides by Members of the Public,” 
U. S. Department of Energy, Office of 
Environmental Guidance ~ Washing ton, 
D. C., February 28, 1986. 

I 



US70 

US76a 

US76b 

US78 

US79 

US80a 

US80b 

US8 l a  

US8 1 b 

U. S. Atomic Energy Commission. Pluto- 
riium in the Soil Arouncl the Rocky Flats 
Plant, Health and Safety Laboratory, 
HASL-235, August 1, I970. 

U. S. Environmental Protection Agency, 
“Drinking Water Regulations, Radio- 
nuclides," Federal Register, 41, No. 133, 
pp. 3840249 .  Washington, D. C., July 9. 
1976. 

U. S. Environmental Protection Agency, 
The Quality Assurance Handbook for  Air 
Pollution Measurements Systems, Vol. I ,  
“ Princi p les ,” EP A-60019-76-00 5, Marc h 
1976, Vol. 11, “Ambient Air Specific 
Methods,” EPA-600/4-77-027a, May 1977, 
Research Triangle Park, North Carolina. 

U. S. Environmental Protection Agency, 
“National Emission Stmdards for 
?lazardous Air Polliitants,” 40 CFR 
Part G I ,  Subpart C, Washington. D. C., 
March 3, 1978. 

U. S. Environmental Protection Agency, 
E nv i ro  n m e n t a 1 M o n it o ri ng a n cl S LI 17 port 
Laboratory, Mefliods f o r  C’heniicnl 
Atialysis o,f Water arid Wastes, EPA-(>OO/ 
4-79-020. Cincinnati, OH 1979. 

U. S. Department of Energy, Lnviron- 
mental Impact Statement, Rocky Flats 
Plant Site, DOE/EIS-0064, Washington, 
D. C., April 1980. 

U. S. Department of Energy, A Guide to 
Reducing Radiation Exposure to  As Low 
As Reasonably Achievable ( A L A R A I ,  
DOE/EV/I 830-T5k, Washington, D. C., 
April 1980. 

U. S. Department of Energy, “Standarcis 
for Radiation Protection,” DOE Order 
5480. lA,  Chapter XI, Washington, D. C., 
August 13, 1981. 

U. S. Environmental Protection Agency, 
“National Primary and Secondary Ambient 
Air Quality Standards,” 40 CFR Part 50, 
Subchapter C - Air Programs, Washington, 
D. C.* 1981 ~ 

US83 

US84a 

US84b 

US85 

US8 7a 

US87b 

Va8 5 

Wi82 

Re fercincesl R F P-E N V -87 

U. S. Congess ,  Clean Air Act, Sects. 112  
and 301(a), as amendcd in 1983 ( 4 2  
U.S.C. 741 2, 7601 ( 2 1 ) ) .  Washington, D. C., 
1983. 

U. S. Environmental Protection Agency, 
Region VIII, NPDES Pemiit CO-0001333, 
Authorization to Discharge under the 
National Pollutant Discharge Lliniina ti on 
System, Denver, CO, December 26, 1984. 

U .  S. Environmental Protection Agency, 
“Reference Method for  the Determination 
of Particulate Matter as PMlo in the 
Atmosphere,” as published in the Federal 
Registc:, 50, No. 2 5 ,  Final Rules. Washing- 
ton, D. C., February 6, 1985. 

U. S. Environmental Protection Agency, 
Code of Federal Regulations, 40 CFR 61, 
Subpart H, Washington, D. C., February 6 ,  
1985. 

U. S. Environmental Protection Agency, 
“Revisions t o  the National Ambient Air 
Quality Standards for Particulate Matter,” 
Fedcral Rcggistu., 60, No. 126, July 1, 
1987, p. 24634. 

U. S. Environmental Protection Agency, 
“Wedding and Associates Critical Flow 
H igh-Volu me Sampler,” FcderaZ Register, 
52, No. 193, October 6 ,  1987, p. 37366. 

Vaughan, W. A., Assistant Secretary, 
“Radiation Standards for Protection of 
the Public in the Vicinity of DOE 
Facilities,” DOE memorandum from 
Environment, Safety, and Health and 
including draft “Committed Dose Equi- 
valent Tables for U. S. Department of 
Energy Population Dose Calculations,” 
J. P. Corky,  Ed., U. S. Department of 
Energy, Office of Operational Safety, 
Washington, D. C., August 5, 1985. 

1 

Williams, W. F., Health, Safety atld 
Environmental Laboratories Procediires 
and Practices Manual, RFP-HS&EL-82, 
Rockwell International, Rocky Flats 
Plant, Golden, CO, 1982. 

95 



R F P- E N V -871 A C K ”  W L ED GMLN TS 

ACKNOWLEDGEMENTS 

The Report Coordinator acknowledges the following primary section authors 
of this report: 

M. R. Boss F. P. Lawton 

R. J .  Crocker 

N .  M. Daugherty 

B. R. Lewis 

M. L. Paricio 

C. L. Sundblad 
i 

Also acknowledged are those listed below who function in capacities 
supportive to  publication of this report: 

F. J. Blaha G. Hansen 

J .  A. Blair R. W. Hawes 

D. L. Bokowski J .  M. Langsted 

S. P. Deutch 

R. B. Falk 

N. Wilkinson 

M. R. Salasky 

C. Trice 

96 

A special acknowledgement is extended to 1. C. Delaney and L. M. Mordes, 
Compositors, and J .  L. Young. Media Arts. 

i 



$ 

Dis trihu tion f R F P - E N V -8 7 

D IS  T R I B U T  I O N  

INTERNAL 

J .  Kenser 
W. A. Kirby 
C. R. Lagerquist 
J .  M. Langsted 
B. R. Lewis 
K. B. McKinley 
J. F. McNett 
L. M. Morales 
G. W. Meyers 
E. R. Naimon 
M. L. Paricio 
G. L. Potter 
J. K. Roberts 
C. R. Rose 
M. R. Salaslky 

b 

C. D. Anderson 
C. P. Bader 

D. L. Barr 
F. J. Blaha 
J. A. Blair 
D. L. Bokowski 
M. R. Boss 
G. W. Campbell 
R. L. Carpenter 
L. E. Coldren 
R. J.  Crocker 
W. D. Crossland 
N. M. Daugherty 
R. G. DelPizzo 
T. H. Elmont 

1 .  

r S. C. Baker 
.- 

R. J. Erfurdt 
P. J .  Etchart 
R. B. Falk 
A. C. Ficklin 
K. J. Freiberg 
T. C. Greengard 
R. W. Hawes 
R. L. Henry 
M.  F. Hickey 
F. D. Hobbs 
R. B. Hoffman 
R. C. Hood 
D. I. Hunter 
D. S. Hurtt 
E. H. Ideker 
D. N .  Iklo 

D. J. Sanchini 
G. H. Setlock 
W. M. Shannon 
K. E. Shirk 
L. C. Smith 
R. E. Smith 
C. L. Sundblad 
C. W. Weither 
J. M. West 
W. F. Weston 
C. E. Wickland 
W. F. Wil!iams 
E. R. Young 
Environmen:al Master File 

EXTERN .4 L 

Aerospace Operations Environmental Protection Agency 
S. F. lacobcllis Region Vlll 

M. Idammering ( 6  copies) 
USDOE-Deputy Assistaiit Secretary for  Policy, 
Safety, and Environment Environmental Protection Agency 

Environmental Monitoring System Laboratory R. E. Tiller 
D. E. Patterson R. f .  Stanley 

USDOE-Headquarters, 
Office of Military Applications 

General P. F. Kavanaugh, USA 
W. D. Bitler 

USDOE-EML 

USDOE-AL 
D. G. Jackson 
J. G. Themelis (1 9 copies) 

& US DOE-OR 
Technical Information Center 
(27 copies) 

USDOE-RFAO 
C. C. Jierree (7  copies) . 
A. E. Whiteman 

The  Honorable R. Romer 
Governor of Colorado 

United States Senate 
The Honorable T. E. Wirth 
The Honorable W. L. Armstrong 

United States House of Representatives 
The Honorable P. Schroeder 
The Honorable D. S k a g s  

Colorado Department of  Health 
T. L. Vernon, M.D. 
G. Blroetzman 
A. J .  Hazle (4 copies) 
J. Lents 
R. Arnott 

Colorado Division of DisasterlEmergency Services 
J. P. Byrne 

97 



R FP-ENV-87IDISTRIBUTION 

EXTERNAL 

Colorado Water Conscrvation Board 
N. C. Ioannides 

Public Service Company of Colorado 
Ft. St. Vrain 

Jefferson County Board of Health 
R. Newman 
W. Doig, M.D. 
E. Harvey. M.D. 
L. D-Aurio 

Jefferson County Commissioners 
J. P. Stone 
M. Clement 
R. Ferdinandsen 

Jefferson County Department of Health 
C. Miller, M. D. 
G. Davis 

Boulder City /County Department 
of Health 

F. Cruz-Uribe 
T. Douville 

Boulder County Commissioners 
J. W.  Heath 
R. K. Stewart 
H. E. Smith, Jr. 

Denver Council of Regional Government 
Water Resources 

L. Mugler 

City of Arvada 
N. G. Berlin, City Manager 
R. Roby, Deputy City Manager 
P. Cortese, Assist. to City Manager 
G. Reusink, Assist. t o  City Manager 

City of Boulder 
J. W. Piper, City Manager 

City of Broomfield 
G. D. Di Ciero, City Manager 
M. Thurber, Director Public Works 

F. M. Pen& Mayor 
City of Denver 

City of Lafayette 
B. Rick, City Manager 

City of Louisvillc 
T. Hundley, City Manager 

City of Northglenn 
D. Hawker, City Manager 

City of Thornton 
J. Ethredge, City Manager 

City of Westminster 
W. M. Christopher, City Manager 

Rocky Flats Monitoring Council 

Environmental Analysis 
Rockwell Hanford Operations 

J. W. Patterson 
G. F. Boothe 

Environmental Assessment and Planning 
Mound Facility 

R. A. Neff 

Environmental Health Department 
Sandia Laboratories, Albuquerque 

W. D. Burnett 

Environmental Health 
Mason & Hanger 
Pantex Plant 

B. Laseter 

ESB, Rad. & Env. Sci. Laboratory 
DOE-Idaho Operations Office 

1 D. L. Hoff 

Environmental Management 
Oak Ridge Environmental Management 

T. Kitchings 

Occupational Health & Safety Department 
Argonne National Laboratory 

N. Golchert 

98 



Distribution/ R F P- E N V -8 7 

EXTERNAL 

City of Golden 
G. E. Hill, City Manager 

Environmental Protection 
University of California 
Lawrence Livermore National Laboratory 

D. Brekke 

Health Protection Oepartment 
E. I. DuPont de Nemours and Company 
Savannah River Laboratory 

R. Kurnp 

HeaIth, Safety and Environment 
University of California 
Los Alamos National Laboratory 

T. Cunderson 

Environmental Science Department 
Nevada Test Site 

D. A. Gonzalez 

Environmental Monitoring 
Battelle 
Pacific Northwest Laboratory 
K. E. Jaquish 

Safety Section 
Fermi National Acc. Laboratory 

L. Coulson 

Environmental Surveillance 
University of California 
Los Alamos National Laboratory 

L. Soholt 

Environmental Managernen t 
Oak Ridge National Laboratory 

P. Rohwer 

99 



R FP-ENV-87 f 

, 

100 


